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The Groundwater Migration Control System (GMCS) was constructed at Site R in Sauget, 
Illinois, between November 2002 and June 2005.  This Operation and Maintenance (O&M) Plan 
covers the long term operation and maintenance of the GMCS and the maintenance of site 
institutional controls (ICs).  This O&M Plan will be updated if the system is modified.  
Depending on the extent of the modifications, either the O&M Plan will be resubmitted, or 
replacement pages and figures may be submitted for the existing O&M Plan.   

Drawings 1-1 and 1-2 are the site location map (Drawing 1-1) and a list of abbreviations and 
symbols used throughout the rest of the drawings (Drawing 1-2).  Drawing 1-3 presents the 
Overall Site Plan.   

Several subsurface investigations have been done at Site R between 2001 and 2002, and this 
information was used during the design of the barrier wall.  The results of these investigations 
(including boring log information) can be found in the following geotechnical data report 
prepared by URS Corporation in January of 2003: “GMCS, Sauget Area 2 Superfund Site, 
Volume 1, Prefinal Design Submittal, Attachment 4-1, Geotechnical Data, dated January 21, 
2003”.  Drawing 1-4 shows the locations of the soil borings included in this report.  Drawings 1-
5 through 1-8 show the profile of the barrier wall.  Graphic logs depicting soil conditions were 
included in the profile when they were available.  Drawing 1-9 shows other barrier wall details. 

A stockpile was created inside the boundaries of Site R for spoils generated during construction 
of the barrier wall.  Drawing 1-10 shows the location of this stockpile. 

1.1 OPERATION OF THE GMCS 

The Groundwater Migration Control System is an automated system which is designed to control 
the flow of groundwater at the site.  This system consists of a barrier wall and an automated 
pumping system which pumps groundwater from three extraction wells at the site and discharges 
it to the P-Chem plant.  The system is designed to operate over a range of pumping rates between 
0 and about 700 gallons per minute per extraction well.   

The Automated Migration Control System (ACMS) consists of the following components: 

• Measurement and Control Unit (MCU) 
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• River stage transmitter 

• Power distribution panel 

• Pump control panels with variable frequency drives 

• Electric valve actuators and associated plug valves 

• Magnetic flow meters at each extraction well 

• Extraction well water level sensors 

• Magnetic flow meter at system discharge point east of P-Chem Plant (American Bottoms 
WWTP Manhole) 

• Host/Remote Access PC at Control Building. 

The MCU sends the pumping rate control signal to each variable frequency drive at each of the 
extraction wells.  MCU details are found in Drawing 1-11.  The variable frequency drive 
maintains the appropriate pump motor speeds to produce the necessary pump flow based on the 
defined system control criteria.  For the higher flows, the variable frequency drives (VFDs) 
provide adequate control of the pump flows.  Lower flows require automatic throttling using the 
actuator controlled plug valves.  The magnetic flow meters at each extraction well provide 
closed loop feedback to the MCU for flow regulation and to record readings into the database.  
The river stage and individual pump flow hourly averages are recorded in the database. 

1.1.1 Theory of Operation 

Based on the results of three separate interim operating periods (IOPs), the following control 
scheme was developed to determine how much groundwater should be pumped from the GMCS 
extraction wells.  Stated simply, the amount of groundwater that flows into the barrier wall 
should equal the amount of groundwater that is pumped from the site by the extraction wells – 
thus preventing groundwater from mounding up behind the barrier wall and flowing out around 
the edges of the wall.  During the last two interim operating periods, Darcy’s law was used to 
calculate the groundwater flow into the barrier wall and this calculated flow was compared with 
the actual flow into the barrier wall which was estimated using groundwater flow line and flow 



Operation and Maintenance Plan 
Site R Groundwater Migration Control System 

Revision No.:  0 
Date:   01/29/2008 

 
SECTIONONE Normal Operation/Maintenance 

 
   1-3 

vector deflections.  After completion of these interim operating periods, it was proposed to use 
Darcy’s Law to calculate the amount of groundwater that should be pumped from the extraction 
wells.   

The following information is being used in the Darcy’s Law calculation to determine the amount 
of groundwater that needs to be pumped from the site. 

Darcy’s Law Equation:  Q = KIA 

Where: Q = Groundwater Discharge into Barrier Wall 

 K = Aquifer Hydraulic Conductivity (1E-1 cm/sec or 285 ft/day) 

 I = Groundwater Gradient (Average of PZ-5 U/D and PZ-8 U/D) 

 A = Groundwater Discharge Area (209,522 square feet) 

Once the total groundwater discharge (Q) has been calculated using the above calculation, this 
value is used in the control scheme for each pump as discussed in Section 1.3 below.  

1.1.2 Extraction Wells, Pumps and Appurtenances 

1.1.2.1 Extraction Wells 

The extraction well system consists of one 10-inch and two 12-inch diameter wells ranging from 
110 to 140 ft deep at the locations shown on the piezometer/well location map (Drawing 1-12).  
The extraction wells are constructed as shown on Drawing 1-13 and have Type 304 stainless 
steel screens with 0.040-in. wide slots from about 40 ft below the existing ground surface to 5 ft 
above the bottoms of the wells.  The bottom 5 ft of each well consists of Type 304 stainless steel 
tight-wind screen (zero slot).  Well installation and pump information are found in Tables 1-1 
and 1-2.  Installation logs are included in Appendix A of this document and are also included in 
the Golder Associates report on the installation of extraction wells and piezometers.   
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Table 1-1 

Extraction Well Installation Data1 
Elevation (Ft, NGVD) Length (Ft) 

Well 
Ground 
Surface 

Center-
line of 
Disch. 
Pipe 

Top of 
Screen 

(Exposed) 
Btm of 
Screen 

Btm 
of 

Well 
Casing 
(bgs) 

Exposed 
Screen Blank 

Well 
OD 
(in.) 

EW-1 422.02 417.29 369.0 291.0 285.8 53.0 78.0 5.2 12.75 

EW-2 418.53 415.26 380.3 313.6 308.5 41.5 63.4 5.1 10.75 

EW-3 420.58 416.26 364.1 294.6 289.3 56.7 69.4 5.3 12.75 

 

1.1.2.2 Pumps, Motors, and Appurtenances 

Detailed descriptions and dimensions of the pumps and their characteristic curves (based on 
factory tests on the actual original pumps installed in the wells using different motors) are 
included in Appendix B.  The pumps are 8- and 10-in. diameter, all stainless steel Grundfos 
submersible pumps with 6-inch diameter 3450-rpm, 3-phase, 460-volt Flowserve/Pleuger 
submersible motors or Franklin submersible motors.  The pumps discharge through 4.5-in. and 
6.625-in. OD Schedule 40 threaded-and-coupled Type 304 stainless steel drop pipe supported by 
Baker Monitor pitless adapters.  The power cable (manufactured by Belden) is a jacketed cable 
designed especially for variable frequency drives (VFDs).  Details of the pump installations are 
shown on Drawing 1-13.  Installation data for the pumps are summarized in Table 1-2.  As 
shown on Drawing 1-14, each pump discharge pipe is routed through a 4-ft deep pre-cast 
concrete vault containing an air release valve, sampling port, Krohne Aquaflux electromagnetic 
flowmeter, a Limitorque electric valve actuator and a Millcentric plug valve to enable flow 
throttling and to isolate the well from the pipeline during maintenance.  The manual valve that is 
located on the air release line from the air release valve in the concrete vault should normally be 
in a closed position.  The location of this manual valve is shown on Drawing 1-14.  

                                                 
1 Well installation data are from Well Completion Records prepared by Dave Meyer, Layne-Western Division, 
Layne Christensen Company, July 28, 2003 
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Table 1-2 

Pump Installation Data 

 
Elevation  

(ft, NGVD) 

Well 

Top of 
Riser 

Elevation 
(ft, 

NGVD) 
Discharge 

(centerline) 
Pump 
Intake 

Drop 
Pipe 
Dia. 
(in.) 

Grundfos 
Model No. 

Fl
ow

 
(g

pm
) 

E
ff

ic
ie

nc
y 

(%
) 

Sh
ut

of
f 

H
ea

d 
(f

t)
 

M
ot

or
 H

P 

EW-1 422.72 417.29 340 6 625S400-2-1 750 80 235 40 

EW-2 419.84 415.26 337 5 475S400-3 750 73 310 30 

EW-3 421.45 416.26 339 6 625S400-2-1 700 80 235 40 

 

Limitorque electric valve actuators were added to the plug valves in February 2005.  The 
actuators communicate the position of the valve (% open) to the MCU using a 4-20 milliamp 
signal.  Electronic float switches were added in each concrete vault.  The float switches are set to 
automatically stop the pumps if flooding of the vault is detected.   

Downstream of the vault, the stainless steel discharge pipe connects to a 6-in. diameter HDPE 
pipe, which then connects to the 12-in. diameter HDPE discharge pipeline.  In May of 2007, gate 
valves from HD Supply Waterworks in Granite City, Illinois were installed outside 
(downstream) of each of the extraction well vaults, along the 6-inch diameter HDPE section of 
the discharge pipe. The gate valves allow each extraction well to be isolated from the rest of the 
system, thus allowing maintenance on an individual extraction well and its associated equipment, 
without shutting down the entire AMCS.  Gate valves are manually opened and closed using a T-
handle.  The location of the gate valve with respect to the extraction well vault, can be found in 
Drawing 1-14. 

Manufacturer’s cut-sheets and technical specifications for all of these components are included 
in Appendix C of this document. 

1.1.3 Automated Control and Monitoring System  

The Automated Control and Monitoring System (ACMS) is a primary component of the 
Groundwater Migration Control System.  Drawing 1-15 shows the ACMS Site Plan, and 
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Drawing 1-12 shows a plan view of the barrier wall, extraction wells, piezometers and 
Mississippi River.   

The ACMS has been designed based on the following parameters: 

• Automatically monitor flow from three extraction wells. Each well has a maximum 
pumping capacity of between 700 and 750 gpm. Therefore, the total system capacity is 
about 2200 gpm. 

• Automatically read and record Mississippi River stage elevations. 

• Automatically adjust pump flow rates based on operating criteria discussed below in 
Section 1.3 “Description of Prescribed Operation Conditions”. 

• Remote alarm annunciation in the event of system operational problems. 

• Maintain measurement database for monthly archiving purposes. 

• ACMS components have been selected and located to minimize the potential effects of a 
100-year flood event (approximately Elevation 425 ft, NGVD at Site R) on the system. 

Numerous components make up the ACMS.  The following sections discuss in more detail, some 
of the more prominent components.  Manufacturer’s literature, operating and maintenance 
instructions, and specifications for this equipment are included in Appendix C of this document.   

1.1.3.1 River Stage Transmitter 

The river stage signal is transmitted to the MCU by cable in conduit from American Bottoms’ 
river stage station as shown on Drawings 1-15 and 1-16. 

1.1.3.2 Power Distribution Panel 

There is a power distribution panel located east of the Control Building. This power distribution 
panel is shown in Drawing 1-16.  The power distribution panel is sized to accommodate power 
connections for the three extraction well pumps and disconnects. There are also disconnects at 
each well location.  Drawing 1-17 shows the electrical power diagram for the ACMS. 
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All of the wiring from the power distribution panel to the three extraction wells has been buried 
at a depth of 3 to 4 ft. All power for the VFDs and the pump motors is 480vac, 60hz, 3-phase. 
There is a separate breaker and a separate 120vac circuit at each well location.  Drawing 1-18 
shows the locations of the buried power cables at the site. 

1.1.3.3 Pump Control Panels with Variable Frequency Drives 

A pump control panel, including the variable frequency drive and flow meter readout unit, is 
located in a cabinet, at least 1 foot above the 100-year flood stage at each of the extraction wells. 

A Rockwell Automation (Reliance Electric/Allen Bradley) SP600 variable frequency AC drive 
(VFD) operates each pump motor. The VFD allows variable speed operation of the pump to 
achieve variable pump flows. The 4-20ma outputs from the flow meter and valve actuator at 
each well provides feedback signals to the MCU to allow closed loop operation of the pumps and 
valves. This allows each VFD to maintain the flow (in gallons per minute) set point provided by 
the MCU for given system control criteria. Each VFD provides switch closure signals to the 
MCU to indicate fault conditions. As described in Section 1.1.5 below, the MCU will then 
generate an alarm annunciation. 

A manual pump control panel is mounted in the same enclosure as the VFD and flow meter 
readout unit at each extraction well. The VFD has an automatic control bypass mode to allow 
manual starting and stopping of the pump motor.  

1.1.3.4 Magnetic Flow Meters  

Krohne Aquaflux magnetic flow meters are installed at each extraction well location. The flow 
meters measure the pump flow rate and the total flow, and they work in conjunction with the 
VFDs to maintain the correct pump speed to achieve the required pumping rate. The magnetic 
flow meters are 6-inch diameter and are mounted in the flow meter vault at each extraction well. 
The flow meters output a 4-20ma signal to the MCU.  

In addition to the individual flow meters at the extraction wells, there is an 8-inch diameter 
magnetic flow meter immediately upstream of the discharge point at the ABRTF manholes east 
of the P-Chem Plant (see discussion in subsequent section on effluent pipeline and 
appurtenances).  ABRTF uses the readings from this meter to invoice for treatment of the 



Operation and Maintenance Plan 
Site R Groundwater Migration Control System 

Revision No.:  0 
Date:   01/29/2008 

 
SECTIONONE Normal Operation/Maintenance 

 
   1-8 

effluent from the extraction wells.  The sum of the flows measured at the extraction wells and the 
total flow at the ABRTF discharge point are compared every ten minutes. 

1.1.3.5 Automated Piezometers 

The control scheme for the AMCS uses four automated piezometers.  Drawing 1-12 shows the 
locations of the AMCS piezometers.  Installation data for the automated piezometers used in the 
control scheme, are found in Table 1-3 below. 

Table 1-3 

Installation Data for Automated Piezometers 

Piezometer/ 
Monitoring 

Well 

Top of Riser 
(TOR) 

Elevation 
(Ft, NGVD) 

Screened 
Interval 

(Ft, NGVD)

Transducer 
Depth from 
TOR (Ft) 

Transducer 
Elevation 

(Ft, NGVD) 
Transducer 

Model 

PZ-5U 420.99 382-282 60.0 360.97 4500HD25PSI
PZ-5D 420.97 381-281 60.0 360.99 4500HD25PSI
PZ-8U 419.69 377-287 60.0 361.05 4500HD25PSI
PZ-8D 421.05 380-290 60.0 359.69 4500HD25PSI

 

The vibrating wire pressure transducers used in the automated piezometers are manufactured by 
Geokon.  Piezometers PZ-5U and PZ-5D are connected to remote monitoring unit (RMU) 2 and 
PZ-8U and PZ-8D are connected to RMU 4.  RMU locations are found on Drawing 1-15 and 
RMU details are found in Drawing 1-19.   

1.1.4 Effluent Pipeline and Appurtenances 

The effluent pipeline is designed for a maximum flow of 700 to 750 gpm per well for the three 
Site R extraction wells, or a total flow of 2,200 gpm.  It consists of: 

• Buried 12.75-in. OD SDR 21 HDPE along the well line to the levee crossing near the 
intersection of Pitzman Ave. and Riverview Drive, 20-in. OD SDR 13.5 pipe under the levee 
and railroad tracks, and buried 12.75-in. OD SDR 21 HDPE pipe to a point immediately 
north of Existing Manholes B and C east of the P-Chem Plant.  At that point, the line changes 
from HDPE to ductile iron and emerges above grade.  Drawings 1-20 through 1-22 show the 
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plan view and details of the effluent pipeline. 

• A combination air valve west of the levee at the high point of the effluent pipeline to exhaust 
air that accumulates in the pipeline and to assure that pressures in the pipeline will be above 
atmospheric pressure.  Details of this air valve are found on Drawing 1-23.  

• A plug valve is located in the pipeline immediately west of levee, to close the pipeline in the 
event of a flood. 

• A flow meter, automatic water sampler, valves, pipe and fittings are located at the discharge 
point.  Details of the piping and fittings and the electrical system at the discharge point are 
shown on Drawings 1-22 and 1-24.  The discharge is measured with an 8-inch diameter 
Krohne Aquaflux magnetic flowmeter and is sampled with an American Sigma automatic 
sampler (discussed in Section 1.2.6 below) before being directed into Manholes B and C.  All 
of the aboveground piping upstream of the plug valves is protected from freezing by self-
limiting heat tracing and insulation.  The pipe is supported on 3-ft deep concrete piers.  There 
is an area light on the power service pole that is switched on automatically by a dusk-to-
dawn photoelectric cell.  In May and June of 2007, a vertical U-shaped pipe was added to the 
effluent pipeline at the outfall location.  Drawing 1-25 shows the details of this modification.  
The purpose of this addition is to maintain “pipe full” conditions at all times so that the total 
flow measured at the outfall will more accurately reflect the total flow measured from the 
extraction well pumps.  Currently, the effluent outlet discharge to the American Bottoms 
Regional Wastewater Treatment Facility (ABRTF) is compared with the total flow from the 
GMCS extraction wells every 10 minutes.  If the flow measurements differ by more than 
10%, a Leak Alarm is triggered and the pumping is stopped. 

1.1.5 Alarm Conditions 

The following table (Table 1-4) contains a list of the individual alarm conditions: 
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Table 1-4 

Individual Alarm Conditions for ACMS 

Alarm Name Alarm Description Corresponding Phone Callout Alarm 

FLOW_ALARM No flow or low flow condition Pumping Stopped 

VFD_FAULT ALARM Variable Frequency Drive fail VFD Failed 
LEAK_ALARM Total flow from extraction wells differs from 

outlet flow by more than 10% 
Pumping Stopped 

VAULT FLD 
Vault Flood Alarm-water within vault 
exceeds one foot in depth Pumping Stopped 

EMERG_SHUTDN System manually shut down for emergency Pumping Stopped 

HIGHPRESSURE High Pressure limit exceeded on pipeline Pumping Stopped 

FLOOD ALARM River at flood stage Flood 

REMOTE OFF ALARM System shut down remotely with phone Pumping Stopped 
 

If all of the pumping stops for any reason, an alarm will be instantly generated by the VFD and 
the received fault signal at the MCU will result in the MCU logging the event and dialing, via 
the phone line, to notify appropriate personnel. 

The effluent outlet discharge to the American Bottoms Regional Wastewater Treatment Facility 
(ABRTF) is compared with the total flow from the GMCS extraction wells every 10 minutes.  If 
the flow measurements differ by more than 10%, a Leak Alarm is triggered and the pumping is 
stopped. 

Section 4.1 below discusses the procedures to be used to address alarm conditions.   

1.2 DESCRIPTION OF TASKS FOR GMCS MAINTENANCE 

1.2.1 Extraction Wells 

To monitor well performance, the extraction wells will be individually tested annually for 
specific capacity (gpm per foot of drawdown) based on a one-hour test at the maximum flow rate 
of 700 gpm.  The initial (baseline) tests were performed in 2005. Ideally, there should be no 
pumping for 24 hours preceding the test and the river stage should be relatively stable.  The test 
should be performed during a period of relatively high river stage when the extraction wells 
would otherwise have zero discharge. The initial and subsequent annual specific capacity test 
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results will be recorded in Table 1-5.  In addition to specific capacity testing, a down-hole video 
inspection will be performed on each well once every five years.   

A Biological Activity Reaction Test (BART) will also be performed if biofouling of the 
extraction well is suspected.  This will be done if the video inspection shows plugging or if there 
is a large decrease in specific capacity or a large increase in drawdown for the same flow. 

If the specific capacity of a well has decreased to less than 75% of the initial specific capacity, 
the well will be rehabilitated.  Protocols for rehabilitation will be based on consultation with 
local water well contractors and Illinois State Water Survey personnel experienced with 
rehabilitation of wells in the American Bottoms aquifer.   

Table 1-5.   

Specific Capacity (gpm/ft) Based on One-Hour Test at 700 gpm 

Year Well Initial Specific 
Capacity (2005) 

 Specific Capacity
(current year) 

Percent of Initial 
Specific Capacity 

2008 EW-1 41 gpm/ft   
2008 EW-2 30 gpm/ft   
2008 EW-3 39 gpm/ft   

 EW-1 41 gpm/ft   
 EW-2 30 gpm/ft   
 EW-3 39 gpm/ft   
 EW-1 41 gpm/ft   
 EW-2 30 gpm/ft   
 EW-3 39 gpm/ft   

 

Surge protectors at each extraction well will be inspected annually and replaced as necessary. 

1.2.2 Extraction Well Pumps and Motors 

The pumps will be checked annually to assure that the impellers are not excessively worn.  An 
index of the condition of the impellers is the shutoff head, measured using a pressure gauge on 
the discharge pipe inside the flow meter vault.  After the pump is first installed and checked for 
proper rotation, the valve in the discharge line will be slowly closed to measure the shutoff head 
at the pressure gauge.  This head or pressure will be recorded for future reference and 
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comparison with shutoff head measurements after the pump is in operation.  If the shutoff head 
ever falls below 85% of the initial shutoff head, the pump end will be replaced with a new pump 
end.  

Note:  Any time the extraction well pumps are replaced, the O-ring on the Baker Monitor pitless 
adapter will also be replaced. 

The motors will be visually inspected annually, at the same time that the pumps are inspected.  If 
the visual inspection indicates that the condition of the pumps is questionable, further testing 
may be necessary.  The motors may be checked for insulation to ground in accordance with the 
following procedures.  Table 1-62 gives insulation resistances for motors and drop cables for 
readings taken with a megohmmeter with a 500V DC output.  Readings may vary using a lower 
voltage ohmmeter. 

Table 1-6 

Normal Ohm and Megohm Values Between All Leads and Ground 

Condition of Motor and Leads Ohm Value Megohm Value 

A new motor (without drop cable) 20,000,000 (or more) 20 (or more) 

A used motor that can be reinstalled 
in well 10,000,000 (or more) 10 (or more) 

Motor in well.  Readings are for 
drop cable plus motor   

New motor 2,000,000 (or more) 2 (or more) 

Motor in good condition 500,000 – 2,000,000 0.5 – 2.0 

Insulation damage, locate and repair Less than 500,000 Less than 0.5 
 

The correct motor rotation will be established by running in both directions and rotation will be 
changed by switching any two of the three motor leads.  The rotation that gives the most water 
flow is always the correct rotation.  After rotation has been established, check the current in each 
of the three motor leads and calculate the current unbalance3.  If the current unbalance is 2% or 

                                                 
2 Franklin Electric (August, 2000) Submersible Motors: Application, Installation, Maintenance Manual, Table 39, 
Page 39 
3Difference between the current in the leg that is furthest from the average current and the average current, divided 
by the average current 
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less, leave the leads as connected.  If the current unbalance is more than 2%, current readings 
will be checked on each leg using each of the three possible hookups.  Roll the motor leads 
across the starter in the same direction to prevent motor reversal.  The current unbalance should 
not exceed 10%4 at rated input load.  If the unbalance cannot be corrected by rolling leads, the 
source of the unbalance must be identified and corrected.  If, on the three possible hookups, the 
leg farthest from the average stays on the same power lead, most of the unbalance is coming 
from the power source.  However, if the reading farthest from average moves with the same 
motor lead, the primary source of the unbalance is on the motor side of the starter, and may be 
caused by a damaged cable, leaking splice, poor connection, or faulty motor winding.  If motors 
are determined to be in poor condition, then they will be replaced. 

1.2.3 Well Flow Meters 

The electromagnetic flow meters normally require no maintenance unless there is a buildup of 
precipitate inside of the discharge pipe.  This can be monitored by comparing the sum of 
individual well flows with the total flow at the ABRTF discharge point.  This is being done once 
every ten minutes.  If it becomes necessary to further evaluate the potential buildup of 
precipitate, the back pressure in the discharge line at each well may be measured with all pumps 
running at maximum capacity. Increasing back pressure for the same total flow would indicate 
buildup of scale in the discharge line. In that event, the pump drop pipe and the horizontal 
discharge pipe between the well and the effluent pipeline will require cleaning to remove the 
precipitated mineral deposits.  Instructions for the meters are included in Appendix C or may be 
viewed or downloaded online at: 

http://www.krohne.com/html/dlc/MA_AQUAFLUX_e_72.pdf. 

1.2.4 Measurement and Control Unit, Variable Frequency Drives, Controls, and Appurtenances 

A Geomation Model 2380-20 measurement and control unit (MCU) is located in the Control 
Building at the north end of the property. In addition to the MCU, there is a computer (PC) with 
a modem, a Sensaphone autodialer (http://www.sensaphone.com/express-two-support.html), a 
phone activated switch, and a manual control panel.  Normal maintenance consists of replacing 
the 12-v, 7.5-amp-hr battery in the MCU approximately once every 5 years.  Manuals for the 

                                                 
4 Ibidem, Page 29 
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Geomation unit can be found at http://www.geomation.com/docs_home.cfm and are included in 
Appendix C. There is also an uninterruptible power supply (UPS) for the computer and it is 
recommended that those batteries be replaced at the same time as the MCU battery.  

The Sensaphone autodialer will be checked monthly to verify proper operation.  The autodialer 
call list will be updated as necessary. 

A new GE air conditioning/heating unit was installed in the Control House in October of 2007.  
Filters for this unit will be checked quarterly and replaced as necessary. 

The variable frequency drives (VFDs) are located in the large enclosure at each pump panel.  
The VFDs do not require any normal maintenance.  Manuals for the VFDs can be found at 
http://literature.rockwellautomation.com/idc/groups/public/documents/webassets/browse_catego
ry.hcst and are included in Appendix C.   

Spare fuses for any of the fuses in the large enclosure are located in the Control Building. 

The condenser fins for the air conditioning unit at each of the large enclosures at each pump 
panel will be checked twice yearly and cleaned as needed.  The condenser fins are located on the 
outside of the AC unit.  Some grills may need to be removed to access the condenser fins. The 
fins will be cleaned only when the unit is OFF.  The AC filters at of these locations will be 
checked quarterly and cleaned if necessary.  The manual for the AC units is included in 
Appendix C of this document. 

1.2.5 Piezometers 

As a part of the development of the control scheme, four pairs of piezometers were installed 
upgradient of the site.  They are as follows:  PZ-5U and PZ-5D, PZ-6U and PZ-6D, PZ-7U and 
PZ-7D, and PZ-8U and PZ-8D.  Currently only piezometers PZ-5U, PZ-5D, PZ-8U and PZ-8D 
are being used in the control scheme.   

The water levels for the four GMCS piezometers which are a part of the control scheme (PZ-5U, 
PZ-5D, PZ-8U and PZ-8D), will be manually read quarterly for comparison to automated water 
level readings.  Pressure transducers will be adjusted/recalibrated if there is a discrepancy 
between the manual and automated readings. 
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The total depth of each of the four GMCS piezometers which are included in the control scheme 
will be measured annually to determine if sediment deposits are blocking the screen. The annual 
depth measurements will be compared to the constructed (as-built) total depth and screen 
interval depths. If any of the annual depth measurements indicate that sediment obstructs 10% or 
more of the screened interval, the piezometer will be flushed to remove the sediment.  Screened 
intervals for these piezometers can be found in Table 2-2 of this document. 

If necessary, the ability of the GMCS piezometers to yield timely and accurate aquifer head 
measurements may be evaluated by measuring the hydrostatic response time using a falling head 
test (USACE, 1995). The response time is the time required for 90% or more of excess head to 
dissipate following the instantaneous addition of a slug of water.   

Surge protectors at each piezometer will be inspected annually and replaced as necessary. 

1.2.6 Automatic Water Sampler 

The American Sigma 900MAX automatic water sampler is located at the discharge point at the 
P-Chem plant.  Manuals for this sampler are included in Appendix C, or they can be downloaded 
at: 

http://www.americansigma.com/support/downloads/354004.pdf  

The automatic water sampler on the effluent pipeline was installed at the request of the American 
Bottoms Regional Treatment Facility (ABRTF).  American Bottoms personnel are responsible 
for collecting any samples and for checking the operation of the sampler.  As such, additional 
sampling details are not presented in this O&M Plan. 

1.2.7 Data Management 

The GMCS instrument readings are automatically acquired from the MCU and stored in a 
database on the Host PC in the Site R Control Building.  Data are automatically exported hourly 
to a text file which is transmitted via FTP to a server in the URS office in St. Louis, Missouri.  
The file is then automatically imported to a database on a separate server in the URS-St. Louis 
office.  This remote (off-site) database is manually backed up once per month to a third server. 
The GMCS database on the Host PC at Site R and the remote database at the URS-St. Louis 
office effectively serve as daily backups of each other.  Each month archived data tapes are 
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updated for off-site storage. 

1.3 DESCRIPTION OF PRESCRIBED OPERATION CONDITIONS 

Under the prescribed operating conditions, Darcy’s law is used to calculate the groundwater flow 
into the barrier wall as discussed above in Section 1.1.1, “Theory of Operation.”  The calculated 
groundwater flow (Q) is used as a part of the control logic for the GMCS.  This control logic is 
presented in Table 1-7 below.  As shown in this table, the current calculated groundwater flow 
value (Q) determines which pumps will be turned on or off and at what rate each of the pumps 
will be operated.   

Table 1-7 

Control Scheme for Each Extraction Well Pump 

Total Flow (Q) 

In GPM 

EW1 

Pump 

EW2 

Pump 

EW3 

Pump 

0 Off Off Off 

1 to 25 Off =25 Off 

26 to 100 Off =Q Off 

101 to 1500 =Q/2 Off =Q/2 

1501 to 2200 =Q/3 =Q/3 =Q/3 

 

The pump flow is regulated by a closed loop feedback between the MCU controller in the 
Control House and the output flow meter at the top of each extraction well.  The magnetic flow 
meter is monitored by sampling the feedback flow signal every 5 seconds.  A simple 
proportional error correction is used to keep the pump flow with in 0.5 GPM of the pumps set 
point. 

To obtain lower flow rates on EW2 an electric actuated valve is partially closed at certain set 
points to enable the pump to operate between 25 and 80 GPM. 

A pump control system block diagram is shown on Drawing 1-26. 
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1.4 SCHEDULE SHOWING FREQUENCY OF O&M TASKS 

The following operation and maintenance schedule (Table 1-8 below) includes key operations 
and maintenance activities for proper operation of the Site R GMCS.  

Table 1-8 
Operation and Maintenance Schedule 
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Data Management 1.2.7        
         
Make monthly backup of the project database located in the URS-St. 
Louis Office 

1.2.7   X     

         
System automatically makes hourly backup of data in Host PC 
database located in Control Building  

1.2.7 X       

         
Extraction Wells and Extraction Well Pumps         
         
System automatically checks flow rates hourly and adjusts when 
necessary - Call into system and check that operations are showing 
normal 

 X       

         
Inspect extraction well pumps annually (includes checking pump 
shutoff head) and replace pumps as needed – if pump shutoff head is 
less than 85% of original or if pumps show signs of excessive wear, 
then replace pumps 

1.2.2      X  

         
Test wells for specific capacity (pump each well alone @ 700 gpm 
for 1 hour); rehabilitate well if specific capacity <75% of initial 
specific capacity 

1.2.1      X  

         
Visually inspect motors annually when pumps are inspected – if 
necessary, motors may be checked for resistance to insulation 
ground – replace motors as needed 

1.2.2      X  

         
Downhole video camera inspection of well screens (once every 5 
years) 

1.2.1       X 
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Table 1-8 
Operation and Maintenance Schedule 
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Biological Activity Reaction Test (BART) (when biofouling is 
suspected)5 

1.2.1       X 

         
Flow Meters         
         
Compare sum of individual well flows with total flow at the ABRTF 
discharge point; perform every 10 minutes (Automatically 
performed) 

1.2.3 X       

         
Electric Valve Actuators         
         
Verify valve positions and 4-20 ma scaling       X  
         
Variable Frequency Drives/Panels         
         
Check A/C filters at VFD panels, clean if necessary 1.2.4    X    
         
Check condenser fins for the air conditioning unit at each of the 
large enclosures at each pump panel and clean as needed 

1.2.4     X   

         
Equipment in Control Building         
         
Inspect surge protectors and replace as required 1.2.1 

& 
1.2.5 

     X  

         
Check MCU and UPS batteries, replace once every five years 1.2.4       X 
         
Autodialers – verify proper operation 1.2.4   X     
         
Autodialers –update call list as needed 1.2.4       X 
         
Check A/C and heater filters and replace if necessary 1.2.4    X    

                                                 
5 Perform if the video inspection shows plugging or if there is a large decrease in specific capacity or a large 
increase in drawdown for the same flow. 
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Table 1-8 
Operation and Maintenance Schedule 
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Piezometers and Wells         
         
Collect manual water level data from piezometers used in system 
control scheme: PZ-5U, PZ-5D, PZ-8U and PZ-8D 

2.2    X    

         
Measure total depth of each piezometer used in control scheme (PZ-
5U, PZ-5D, PZ-8U and PZ-8D) and flush if >10% of screen interval 
is blocked by sediment 

1.2.5      X  

         
Perform measurements of response time in piezometers using a 
falling head test if needed; flush piezometers if falling head test 
results indicate that it is needed 

1.2.5       X 

         
Sediment and Surface Water Sampling         

         
Sediment and surface water sampling of Mississippi River, as 
specified in the Record of Decision6 

2.3     X   

         
Well Sampling         
         
Water quality sampling of designated monitoring wells 2.1    X    
         
Site Inspection         
         
Mow Grass 2.4     X   
         
Inspect stockpile cover for erosion and ponding caused by 
settlement (inspect quarterly and after any site flooding event) 

2.4    X    

         
Inspect warning signs, perimeter fencing and locks 2.4    X    
         

                                                 
6 Sediment and surface water samples will be collected twice a year, once during the summer low flow period and 
once during the winter low flow period when the rate of groundwater discharge to the Mississippi River is at a high. 
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Table 1-8 
Operation and Maintenance Schedule 
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Inspect erosion and sedimentation controls, and drainage structures 
(inspect quarterly and after any site flooding event) 

2.4    X    

         
Inspect all utility markers 2.4      X  
         
Inspect slurry wall alignment for signs of settlement or subsidence 2.4      X  
         
Miscellaneous         
         
Inspect and tighten all cable terminations, replace if necessary       X  
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Required routine monitoring and laboratory testing for the GMCS was identified in the Record 
of Decision (ROD) for the Groundwater Operable Unit (OU-2), dated September 2002. 

2.1 GROUNDWATER QUALITY MONITORING 

Groundwater quality samples will be collected quarterly from 4 sets of monitoring wells that are 
located downgradient of the barrier wall.  These monitoring wells can be found on Drawing 1-
12.  Each set of wells has a shallow (S), a medium (M) and a deep (D) well. The monitoring 
wells that will be sampled are listed in Table 2-1 below, along with their installation data. 

Table 2-1 

Monitoring Well Installation Data 

Piezometer 
Top of Riser (TOR) 

Elevation (Ft, NGVD) Screened Interval (Ft, NGVD) 

BWMW-1S 423.93 389-379 
BWMW-1M 424.19 354-344 
BWMW-1D 424.20 314-304 
BWMW-2S 422.37 392-382 
BWMW-2M 422.33 348-338 
BWMW-2D 422.33 303-293 
BWMW-3S 423.28 398-388 
BWMW-3M 423.23 349-339 
BWMW-3D 424.23 303-293 
BWMW-4S 422.98 398-388 
BWMW-4M 422.92 353-343 
BWMW-4D 423.26 304-294 

Each well will be sampled for the following constituents:  volatile organic compounds (VOCs), 
semi-volatile organic compounds (SVOCs), pesticides, herbicides, metals, total organic carbon 
(TOC) and total dissolved solids (TDS).  These wells will be sampled quarterly.   

As required by the ROD, mass loading will be calculated for each hydrogeologic unit along with 
the total mass loading for the Mississippi River.   

Groundwater sampling and analysis are discussed in more detail in the approved Field Sampling 
Plan (FSP) for the GMCS, dated January 31, 2003.  The approved Quality Assurance Project 
Plan (QAPP) dated January 31, 2003, includes all quality assurance (QA) and quality control 
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(QC) requirements. 

The data generated from the groundwater sampling will be presented to the Agency quarterly. 

2.2 GROUNDWATER LEVEL MONITORING 

Groundwater level monitoring will be done in the following GMCS piezometers which are 
currently being used in the control scheme:  PZ-5U, PZ-5D, PZ-8U and PZ-8D.  Automated 
groundwater level measurements for these four GMCS piezometers are collected and stored 
hourly.   Manual water level measurements for these four GMCS piezometers will be collected 
quarterly for comparison to automated water level readings.  Pressure transducers will be 
adjusted/recalibrated if there is a discrepancy between the manual and automated readings.  
Table 2-2 presents the piezometer installation data for these four piezometers. 

 Table 2-2 

Piezometer Installation Data for Piezometers Monitored Quarterly 

Piezometer 
Top of Riser (TOR) 

Elevation (Ft, NGVD) Screened Interval (Ft, NGVD) 

PZ-5U 420.99 382-282 
PZ-5D 420.97 381-281 
PZ-8U 419.69 377-287 
PZ-8D 421.05 380-290 

2.3 SEDIMENT AND SURFACE WATER MONITORING 

Both sediment and surface water samples will be collected semi-annually from the Mississippi 
River, to determine the effect of any contaminants migrating through, past or beneath the barrier 
wall and being released to the Mississippi River. 

Surface water and sediment samples will be collected from Sediment Sampling Stations 2, 3, 4, 5 
and 9, which are located in the former plume release area.  They will be analyzed for VOCs, 
SVOCs, Herbicides, Pesticides and Metals.  These samples will be collected once during a 
typical low-flow period in the summer and once during a typical low flow period in the winter. 

As per the ROD the sediment and surface water data will be used in the following manner: 

“Constituent concentrations will be plotted as a function of time and compared to the 
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site-specific, toxicity-based, protective concentrations to determine progress toward 
achieving these targets”.   

Sediment and surface water sampling are discussed in more detail in the approved FSP, dated 
January 31, 2003.  The approved QAPP, dated January 31, 2003, includes all QA/QC 
requirements. 

The data generated from the surface water and sediment sampling will be presented to the 
Agency semi-annually. 

2.4 INSTITUTIONAL CONTROLS 

As per the ROD, routine maintenance and inspection of the institutional controls at the site will 
be performed.  Some of the routine inspection and maintenance items will be done quarterly.  
Institutional controls that will be inspected quarterly include:  perimeter fencing, locks, and 
warning signs (signage along the riverbank warning of the dangers of fishing near the 
groundwater release area).  Quarterly inspections will also include inspection of the stockpile 
cover for erosion and ponding caused by settlement, and inspection of erosion and sedimentation 
controls and drainage structures.  The site will also be inspected for erosion and settlement after 
any flooding events.   

The grass at the site will be mowed at least twice per year. 

Annual maintenance activities include inspection of all utility markers and inspection of the 
slurry wall alignment for signs of settlement or subsidence. 
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3.1. PROJECT ORGANIZATION 

Sections 3.2 through 3.4 of this Plan present the responsibilities of the key project personnel.  
The lines of authority for the project personnel are described in each section. 

3.2 MANAGEMENT RESPONSIBILITIES 

3.2.1 Solutia Project Manager 

The Solutia Project Manager (Solutia PM) will have the overall responsibility for all phases of 
the project.  The Project Manager will be responsible for implementing the project, and will have 
the authority to commit the resources necessary to meet project objectives and requirements.  
The PM’s primary function is to verify that technical, financial, and scheduling objectives are 
achieved successfully.  The PM will provide the major point of contact and control for matters 
concerning the project. The Solutia Project Manager will:  

• Define project objectives and develop a schedule 

• Establish project policy and procedures to address the specific needs of the project as a 
whole, as well as the objectives of each task 

• Acquire and apply technical and financial resources as needed to verify performance within 
budget and schedule constraints 

• Monitor and direct the field personnel 

• Develop and meet ongoing project staffing requirements  

• Review the work performed on each task to verify its, quality, responsiveness, and timeliness 

• Review and analyze overall task performance with respect to planned requirements and 
authorizations 

• Ultimately be responsible for the preparation and quality of reports. 

3.2.2 Contractor Project Manager 

The Contractor Project Manager (Contractor PM).  As such, the Contractor PM will have overall 
responsibility for project administration and for verifying that the project meets the stated 
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objectives and the Contractor’s quality standards.  The Contractor PM will report directly to the 
Solutia PM and is responsible for technical quality control and project oversight. 

3.3 QUALITY ASSURANCE (QA) RESPONSIBILITIES 

3.3.1 Contractor QA Officer 

It is expected that the Contractor Project Manager will also perform the tasks of the Contractor 
QA Officer.  However, if two individuals are used the Contractor QA Officer (Contractor QAO) 
will report directly to the Contractor PM.   The Contractor QA Officer will be responsible for 
verifying that all Contractor QA procedures for this project are being followed.  
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4.1 POTENTIAL OPERATING PROBLEMS 

The Groundwater Migration Control System is a complex system made up of numerous 
components.  Each individual component of the system could have operational problems at some 
point during operations.  As a result, the operation and maintenance guides provided by the 
manufacturers will be used for troubleshooting when there are problems with equipment 
operation.   

To ensure that problems within the system are identified in a timely manner, project data are 
reviewed weekly.  There are also alarms set up in the system that notify designated individuals if 
the system does not appear to be functioning properly.  Table 1-4 found in Section 1.1.5 above, 
identifies these alarms.  When the designated individual is notified that the system is not 
functioning properly, that individual will assess the situation and if necessary, contact any 
relevant project personnel to determine what actions need to be taken to get the system up and 
running again.  Alarm descriptions are as follows: 

• Flow Alarm – No flow or low flow condition. 

• VFD Fault Alarm – Variable frequency drive failed. 

• Leak Alarm – Flow from extraction wells greater than total seen at outlet flow meter. 

• Emergency Shutdown Alarm – System manually shut down for emergency. 

• High Pressure Alarm – High Pressure limit exceeded. 

• Vault Flood Alarm – Water within vault exceeds one foot in depth – emergency system 
shutdown. 

• Flood Alarm – River is at flood stage. 

• Remote Off Alarm - System Shutdown remotely by phone. 

4.1.1 Sources of Information 

Manufacturer’s operation and maintenance manuals will be used to address problems with the 
system.  The manuals for the major components of the system are found in Appendix C of this 
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document.  Manufacturers will be contacted directly if the manuals do not address the specific 
problem. 

4.1.2 Remedies 

Once a remedy has been identified, corrective action will be taken as soon as possible, as 
discussed below.  It should be noted that some of the equipment used for this system has been 
custom-made.  As a result, the lead times for obtaining some of this equipment can be several 
weeks.  Spares of items that are known to have a long lead time will be kept on site, so that 
repairs to the system can be made in an expedient manner.  In the event that spare equipment is 
not readily available, the repairs will be made as soon as that equipment is available. 

4.2 CORRECTIVE ACTION 

Corrective action is the process of identifying, recommending, approving and implementing 
measures to counter unacceptable procedures or out-of control performance, which can affect 
data quality.  Corrective action can occur during any field activities; data analysis and 
assessment activities; or system analysis and assessment activities.  Corrective action proposed 
and implemented will be documented in the regular quality assurance reports to management.  
Corrective action should only be implemented after approval by the PM or the CPM.   If 
immediate corrective action is required, approvals secured by telephone from the Project 
Manager will be documented in an additional memorandum. 

For significant problems, a formal corrective action program will be developed and implemented 
at the time the problem is identified.  The person who identifies the problem is responsible for 
notifying the Contractor PM, who in turn will notify the Solutia PM.  Implementation of 
corrective action will be confirmed in writing through the same channels.  

4.2.1 Field Corrective Action 

Field activities for the GMCS include the following: 

• Quarterly Monitoring Well Sampling 

• Sediment and Surface Water Sampling 

• Manual Water Level Measurement 
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• Site Inspection (i.e. ground surface, ground cover, site drainage, institutional controls, 
etc.) 

• Inspection of All Equipment Associated with the GMCS at the Site (including motors, 
pumps, VFDs, actuators, MCUs, etc.) 

4.2.1.1 Corrective Action Related to Sampling Activities 

Corrective action in the field can be needed when the sample network is changed (i.e., more or 
less samples, sampling location changes, and related modifications) or sampling procedures 
and/or field analytical procedures require modification due to unexpected conditions.  Technical 
staff and project personnel will be responsible for reporting all suspected technical or QA 
nonconformances or suspected deficiencies of any activity or issued document by reporting the 
situation to the Contractor PM.  The Contractor PM will be responsible for assessing the 
suspected problems and assessing the potential for the situation to impact the quality of the data.  
If the situation warrants reportable nonconformance requiring corrective action, a 
nonconformance report will be initiated by the PM. 

If appropriate, the Contractor PM will verify that no additional work dependent on the 
nonconforming activity is performed until the corrective actions are completed.  

If it becomes necessary to modify a program, the responsible person notifies the Contractor PM 
of the anticipated change and implements the necessary changes after obtaining the approval of 
the PM.  The change in the program will be documented on the field change request (FCR) that 
will be signed by the initiators and the Contractor PM.  The FCR for each document will be 
numbered serially as required.  The FCR will be attached to the file copy of the affected 
document.  The Contractor PM must approve the change in writing or verbally prior to field 
implementation, if feasible.  If unacceptable, the action taken during the period of deviation will 
be evaluated to determine the significance of any departure from established program practices.    
Reports on changes will be distributed to affected parties which includes USEPA Region V.   

Corrective actions will be implemented and documented in the field notebook.  No staff member 
will initiate corrective action without prior communication of findings through the proper 
channels. 
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4.2.1.2 Corrective Action Related to Site Conditions 

During the site inspection activities identified in Table 1-8 above, the following areas will be 
inspected: 

• The stockpile cover will be inspected for erosion and ponding caused by settlement. 

• Erosion and sedimentation controls, and drainage structures will be inspected to ensure 
that they are still functioning as they were designed. 

• The slurry wall alignment will be inspected for signs of settlement or subsidence. 

• The institutional controls (i.e. fencing, locks, warning signs) will be inspected to ensure 
that they are all still intact and in good working order. 

• The utility markers will be inspected to ensure that they are all still in place and have not 
been damaged or removed unless they are no longer needed. 

If any deficiencies are noted during the field inspection, field personnel will be responsible for 
assessing the problems in consultation with the PM.  All deficiencies will be noted in the field 
service report.  If the situation requires corrective, the PM will be responsible for seeing that 
corrective actions are initiated.  Corrective actions will be taken as soon as supplies, equipment 
and personnel are available to perform the corrective action. 

4.2.1.3 Corrective Action Related to Inspection of GMCS Equipment 

Inspection and maintenance of GMCS equipment will be performed in accordance with Table 1-
8 above.  If the field personnel identify any additional maintenance activities (i.e. cleaning, 
lubricating, replacement of worn out equipment, etc.) they will consult with the PM to discuss 
what needs to be done.  If any of these maintenance activities require the system to be shut 
down, the system shutdown will be scheduled to minimize the amount of downtime of the 
system.  If the system does not need to be shut down for the necessary maintenance activities, the 
maintenance will be performed as soon as the required parts, equipment and personnel are 
available. 

It should be noted that some of the equipment used for this system has been custom-made.  As a 
result, the lead times for obtaining some of this equipment can be several weeks.  An attempt 
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will be made to keep spare equipment on hand for those items that that have long lead times, so 
that repairs to the system can be made in an expedient manner.  In the event that spare equipment 
is not readily available, the repairs will be made as soon as that equipment is available. 

4.2.2 Data Analysis and Assessment Corrective Action 

The Contractor Quality Assurance Officer (QAO) or the Laboratory QAO may identify the need 
for corrective action during either the data validation or assessment.  Potential types of corrective 
action may include re-sampling by the field team or re-injection or reanalysis of samples by the 
laboratory.  These actions are dependent upon the ability to mobilize the field team or, whether 
the data to be collected is necessary to meet the required quality assurance objectives.  When the 
Contractor QAO or Laboratory QAO identifies a corrective action situation, it is the PM who 
will be responsible for approving the implementation of corrective action, including re-sampling, 
during data assessment.  Corrective actions of this type will be documented by the Contractor 
QAO and the Laboratory QAO.  
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5.1 HEALTH AND SAFETY PLAN 

A Health and Safety Plan was prepared to provide both general procedures and specific 
requirements to be followed by Consultant and subcontractors while conducting performance 
monitoring activities associated with the operation of the Groundwater Migration Control 
System.  This report is dated January 31, 2003 and was approved by the Agency.  Updated 
hospital maps were generated in May 2007 during field work.  These maps have been placed in 
the Control House at the site for workers’ reference. 

5.2 PERMIT REQUIREMENTS FOR FIELD WORK 

Solutia requires certain permits for work done on their property.  The following permits may 
apply to work done at Site R. 

5.2.1 Lockout/Tagout Permits 

Lockout/tagout permits will be issued by URS.  When it is necessary to provide maintenance 
activities at an individual extraction well location while the system is still operational, 
lockout/tagout procedures will only be necessary at the control panel located next to the 
extraction well.  When it is necessary to shut down the entire GMCS for maintenance, 
lockout/tagout procedures will be done at the main power panel located next to the control 
house.  Once the system is locked out, it will remain locked out until all construction activities 
are completed (the locks do not have to be removed at the end of each work shift, unless there is 
a specific need to do so). 

5.2.2 Line Break Permits 

A line break permit is required by Solutia any time that a line is broken.  All lines will be broken, 
in accordance with Solutia guidelines.  Line break permits will be issued by URS, at the time 
that the line is broken.  Personnel breaking the line will be required to wear protective equipment 
such as face shields and rain gear.  A portable shower and eye wash station will be present on 
site, in case of emergency.  A separate line break permit will be required each time the line is 
broken.  If the entire system is shut down, two line break permits will be required – one at the 
extraction well EW-2 location and the other at the ABRTF discharge point.  If only one well is 
being worked on while the rest of the system remains running, then a line break permit will be 
required only at that well location where work is being done. 
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5.2.3 Hot Work Permits 

A hot work permit will be required if anything with an ignition source will be used at the site 
(i.e. welding equipment, anything with an electric motor such as a generator, drill rig, etc.).  
Solutia will issue hot work permits in accordance with their guidelines.  A fire extinguisher will 
need to be present on site at all times during hot work.  The fire extinguisher should be located 
on the ground, nearby the work area (not left inside the vehicle) and it should be visible to all 
personnel.  Care should be taken not to place the fire extinguisher in a location that would cause 
a potential tripping hazard. 

5.2.4 High Work Permits 

A high work permit will be required for any work done at the site where a worker’s feet are 6 
feet above the ground surface, or if any workers need to stand along the edge of the discharge pit 
at the ABRTF discharge location.  This permit will be issued by Solutia, and all work will be 
done in accordance with Solutia guidelines. 

5.2.5 Excavation Permits 

An excavation permit is required whenever soil is being excavated on Solutia property.  
Excavation will be done in accordance with Solutia guidelines.  Excavation permits will be 
issued by Solutia, for each excavation location.  Extreme care should be taken when excavating 
in the vicinity of the discharge pipeline and/or utilities, to avoid damaging the existing 
discharge/utility lines. 

NOTE:  Since the ABRTF discharge location next to the P-Chem plant is not on Solutia 
property, Solutia determined that an excavation permit is not necessary for any excavations at 
this location. 

5.2.6 Confined Space Permits 

Confined space permits will be issued by Solutia personnel.  The extraction well vaults have 
been classified by Solutia as “non-permit required confined spaces”.  Non-permit required 
confined spaces still require a confined space permit from Solutia.  If work is to be done on the 
equipment in the vault, URS will need to issue a lockout/tag out permit and a line break permit, 
prior to Solutia issuing the “confined space” permit.  Appropriate PPE will also need to be worn 
when entering the “non-permit required confined space.” 
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As per Solutia guidelines, non-permit required confined spaces require the same general entry 
procedures as permit-required confined spaces, with the following exceptions: 

• Air monitoring (for oxygen, flammable vapors, and H2S) will only need to be done inside 
the vault each morning before the contractor enters the space.  Daily readings will be 
recorded on the permit. 

• A blower is not required to ventilate the vault while workers are inside the vault. 

• A tripod and harness are not required for emergency exit while the workers are inside the 
vault. 

• Five minute rescue packs will not be required for workers in the vault. 

• A “certified emergency rescue team” will not need to be present on site.   

If there is evidence of chemicals in the pit or if conditions change after the piping in the pit is 
broken into that could harm workers in the pit, then the pit would no longer be considered a non-
permit required confined space.  It would then become a confined space and work would then 
need to be done in accordance with Solutia’s confined space procedures. 
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Many components were used to construct the Groundwater Migration Control System.  Some of 
the major components are as follows: 

• Grundfos Pumps – Pumps used in extraction wells. 

• Baker Monitor Pitless Adapter – Adapter for Extraction Wells 

• Belden VFD Cable – A jacketed cable designed especially for VFDs. 

• Franklin Electric Submersible Motors – Motors used for extraction well pumps. 

• Rockwell Automation (aka Reliance Electric/Allen Bradley) SP600 AC Drive – Variable 
frequency drive (which is located in the pump control panels) which controls the pump 
flows. 

• ProAir Air Conditioner – Air conditioner used for enclosures. 

• Krohne Aquaflux F Electromagnetic Flowmeters – Flowmeters used at extraction wells 
and at discharge point near P-Chem Plant. 

• Milliken Valve Co. Millcentric Plug Valves. Series 600 – Plug valves have 6-inch, 
flanged, stainless steel bodies with Viton coated, stainless steel DI plugs.  They are 
located in the flow meter and sampling vault which is located next to the extraction wells. 

• Limitorque Actuator - LY-1001 Unit with A1 Top Mount Integral Compartment – 
Actuator located in the flow meter and sampling vault which is located next to the 
extraction wells. 

• Val-Matic Wastewater Air/Vacuum Valve – A 2-inch Val-Matic 302BW wastewater 
air/vacuum valve was installed at the high point along the discharge line (it is accessible 
via the manhole located northeast of the pole barn). 

• Geokon 4500HD Pressure Transducers – Pressure Transducers are being used to monitor 
water levels in piezometers. 

• Geomation Measurement and Control Systems 2380 MCU - Located at the remote 
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monitoring unit at the Control Building. 

• Eurotherm Model MV408 Current Input Isolating Signal Conditioner – Isolating signal 
conditioner with web viewing capability. 

• Sensaphone 2000 – Autodialer located at the Control Building. 

• Invensys Action Pak AP4390/AP4391/AP4392 – A dual, three port industrial isolator. 

• Raychem Industrial Heat-Tracing – Heat tracing system used for above ground piping at 
the site. 

• American Sigma (Hach) 900 MAX All Weather Refrigerated Sampler Instrument – 
Water sampler located at the discharge point at the P-Chem Plant. 

Manufacturer’s specifications and installation, operation and maintenance manuals for these 
components can be found in Appendix C of this document.   

Equipment will be replaced as needed. 
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7.1 RECORD KEEPING 

Solutia will maintain records of design documents, plans, operational procedures, monitoring 
results, inspections and maintenance activities.  These records include: 

• Hourly groundwater elevations for extraction wells  

• Hourly flow averages for pumps at extraction wells and discharge point 

• Hourly readings of river stage data 

• Inspection/Maintenance Records (all inspections and maintenance activities listed in the 
O&M Plan will be addressed in these records) 

• Routine Reports (submitted quarterly) and any Additional Reports (submitted as needed) 
– See Section 7.2 below for further discussion of these reports 

• Laboratory Data 

• Final Design Documents 

• Plans (including O&M Plan, FSP, QAPP, etc.) 

These records will be made available to the Agency for review. 

7.2 REPORTING 

Routine reports summarizing O&M activities will be prepared by Solutia and submitted to the 
Agency.  These reports will be submitted on a quarterly basis and will cover activities performed 
and information gathered during that quarter.  These reports will include: 

• Operating records (i.e. pump rates, volumes discharged, river elevations, etc.), 

• Results from routine inspections, 

• Documentation of equipment repairs and maintenance performed, 

• Verification of the integrity of the institutional controls, 
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• Data collection information, and 

• Summary of sampling results and associated calculations. 

If problems are encountered during operations which require the shutdown of the system, the 
USEPA will be notified by the Solutia PM in a timely manner and an additional report will be 
provided to the Agency within ten business days of the discovery of the problem.  This report 
will identify the problem and describe the corrective action taken to address this problem. 
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As of: 2/16/2004

Item Tag Description Type S/N Range I/O Card Ch Comment
1 PZ-1W Outside wall VW 0-25 psi 1
2 PZ-2W Outside wall VW 0-25 psi 2
3 PZ-3W Outside wall VW 0-25 psi 3
4 PZ-4W Outside wall VW 0-25 psi 4
5 PZ-1E Inside wall VW 0-25 psi 5
6 PZ-2E Inside wall VW 0-25 psi 6
7 PZ-3E Inside wall VW 0-25 psi 7
8 PZ-4E Inside wall VW 0-25 psi 8
9 PZ-EW1 Well 1 VW 0-50 psi 9

10 PZ-EW2 Well 2 VW 0-50 psi 10
11 PZ-EW3 Well 3 VW 0-50 psi 1
12 FL-EW1 Flow, well 1 4-20 ma in 0-1,000 gpm 2
13 FL-EW2 Flow, well 2 4-20 ma in 0-1,000 gpm 3
14 FL-EW3 Flow, well 3 4-20 ma in 0-1,000 gpm 4
15 RIVER River Stage 4-20 ma in 375-425 ft msl 5
16 BARO Barometer 0-1vdc 6
17 BARO Baro Power 15vdc 7
18 EW2 Temp Well water temp thermistor 8
19 9
20 10
21 FAULT-EW1 VFD-1 Fault Digital 24 vdc 1 Voltage divider to reduce voltage to 12vdc input
22 FAULT-EW2 VFD-2 Fault Digital 24 vdc 2 Voltage divider to reduce voltage to 12vdc input
23 FAULT-EW3 VFD-3 Fault Digital 24 vdc 3 Voltage divider to reduce voltage to 12vdc input
24 REMOTE OFF EXPRESS II N/O contact Relay 4 System Shutdown via Phone
25 HIGH PRESSURE PIPELINE N/C contact 60 PSI Pressure Switch 5 High Pressure System Shutdown
26 EW-1 MODE AUTO/MANUAL SWITCH Manual Switch 6
27 EW-2 MODE AUTO/MANUAL SWITCH Manual Switch 7
28 EW-3 MODE AUTO/MANUAL SWITCH Manual Switch 8
29 EW-1 VAULT FLD Vault Flood SWITCH Float Switch 9
30 EW-2 VAULT FLD Vault Flood SWITCH Float Switch 10
31 EW-1 RATE Pumping rate 4-20 ma out 1 Via Signal conditioner 0-10vdc to 4-20mA
32 EW-2 RATE Pumping rate 4-20 ma out 2 Via Signal conditioner 0-10vdc to 4-20mA
33 EW-3 RATE Pumping rate 4-20 ma out 3 Via Signal conditioner 0-10vdc to 4-20mA
34 EW-1 VALVE ELECT. ACTUATOR 4-20 ma out % OPEN Control Signal 4 Via Signal conditioner 0-10vdc to 4-20mA
35 EW-2 VALVE ELECT. ACTUATOR 4-20 ma out % OPEN Control Signal 5 Via Signal conditioner 0-10vdc to 4-20mA
36 EW-3 VALVE ELECT. ACTUATOR 4-20 ma out % OPEN Control Signal 6 Via Signal conditioner 0-10vdc to 4-20mA
37 7
38 8
39 9
40 10

Solutia
RMCS Instrumentation

Input/Output Table for MCU

PSI, 
Digital 
Input

3

ANO, 
Analog 
Output

4

1

2

ASM, 
Analog 
Input

ASM, 
Analog 
Input

41 EW-1 ON Start Pump 1 Digital 24 vdc 1 Control Signal To VFD
42 EW-1 OFF Stop Pump 1 Digital 24 vdc 2 VIA INTERPOSER N/C RELAY, To VFD
43 EW-2 ON Start Pump 2 Digital 24 vdc 3 Control Signal To VFD
44 EW-2 OFF Stop Pump 2 Digital 24 vdc 4 VIA INTERPOSER N/C RELAY, To VFD
45 EW-3 ON Start Pump 3 Digital 24 vdc 5 Control Signal To VFD
46 EW-3 OFF Stop Pump 3 Digital 24 vdc 6 VIA INTERPOSER N/C RELAY, To VFD
47 7
48 8
49 9
50 DIALER 1 Well Low Digital Switch closure 10 Phone / Voice Alarm Notification
51 DIALER 2 Flood Digital Switch closure 1 Phone / Voice Alarm Notification
52 DIALER 3 PIEZO FAIL Digital Switch closure 2 Phone / Voice Alarm Notification
53 DIALER 4 VFD Fail Digital Switch closure 3 Phone / Voice Alarm Notification
54 DIALER 5 EW1 Pump stopped Digital Switch closure 4 Phone / Voice Alarm Notification
55 DIALER 6 EW2 Pump stopped Digital Switch closure 5 Phone / Voice Alarm Notification
56 DIALER 7 EW3 Pump stopped Digital Switch closure 6 Phone / Voice Alarm Notification
57 DIALER 8 Vault Flood Digital Switch closure 7 Phone / Voice Alarm Notification
58 8
59 9
60 10
61 EW-1 VALVE POSITION FB 4-20 ma in %OPEN 1
62 EW-2 VALVE POSITION FB 4-20 ma in %OPEN 2
63 EW-3 VALVE POSITION FB 4-20 ma in %OPEN 3
64 BWMW-1S PIEZO CLUSTER 1 VW 0-50 psi 4
65 BWMW-1M PIEZO CLUSTER 1 VW 0-50 psi 5
66 BWMW-1D PIEZO CLUSTER 1 VW 0-50 psi 6
67 7
68 8
69 9
70 10
71 EW-1 VALVE LIMIT SWITCH SWITCH VALVE FULLY CLOSED 1
72 EW-2 VALVE LIMIT SWITCH SWITCH VALVE FULLY CLOSED 2
73 EW-3 VALVE LIMIT SWITCH SWITCH VALVE FULLY CLOSED 3
74 EW-1 ON Manual Control SWITCH Push Button 4 Status input signal to MCU
75 EW-2 ON Manual Control SWITCH Push Button 5 Status input signal to MCU
76 EW-3 ON Manual Control SWITCH Push Button 6 Status input signal to MCU
77 EW-1 OFF Manual Control SWITCH Push Button 7 Status input signal to MCU
78 EW-2 OFF Manual Control SWITCH Push Button 8 Status input signal to MCU
79 EW-3 OFF Manual Control SWITCH Push Button 9 Status input signal to MCU
80 EW-3 VAULT FLD Vault Flood SWITCH Float Switch 10 Vault Flood Alarm

ASM, 
Analog 
Input

7

PSI, 
Digital 
Input

8

ARO, 
Relay 
Output

5

ARO, 
Relay 
Output

6





EW-1 417.29 340 6 625S400-2-
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EW-1 422.02 422.72 417.29 369.0 291.0 285.8 53 78 5.2 12.75
EW-2 418.53 419.84 415.26 380.3 313.6 308.5 41.5 63.4 5.1 10.75
EW-3 420.58 421.45 416.26 364.1 294.6 289.3 56.7 69.4 5.3 12.75

Note:
[1] Well installation data are from Well Completion Records prepared by Dave Meyer, Layne-Western Division, Layne Christensen Company, July 28, 2003

WELL INSTALLATION DATA

Length (Ft)

Well OD 
(in.)

Ground 
Surface

Top of 
Riser

Center-
line of 
Disch. 
Pipe

Exposed 
Screen Blank

Top of 
Screen 

(Exposed)
Btm of 
Screen

Btm of  
Well

Casing 
bgs)Well

Elevation (Ft, NGVD)

EW-1 422.72 65.02 357.7 4500S-50PSI
EW-2 419.84 68.59 351.25 4500S-50PSI
EW-3 421.45 64.35 357.1 4500S-50PSI

Extraction Well Transducer Data

Pi
ez

om
et

er

T
op
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f R

ise
r 

(T
O

R
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le
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n 
(F
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G
V

D
)

T
ra
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du

ce
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D
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fr
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 (F
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SITE NAME:

CLIENT:

GEOLOGIST:

DRILLER:

DRILLING 'COMPANY:

STICKUP:

GROUNDWATER MONITORING WELL J;~!i/ \
i--"""If .I

,'{'Il ~ ,;r. z.. ".', fl (2

'7C t. vr, tt

LOCK

."

'. :4 , .

"

~OTE. DEPTHS IIEASURED~ROIoIGROUND SURFACE

LOGA TION:

SURFACE ELEVATION:

EASTING:

LEVEL:'-' COMPLETION DATE: .JV.,\€.. 20".)

DRILLING METHODS: crn; Lli.

NORTHING:

STATIC WATER

CAP

TOP OF RISER PIPE ELEVATION

PROTECTIVE CASING ( yes I no I

PEA GRAVEL OR SAND

WEEP HOLE ..
GROUND SURFACE ELEVATION

. . .. .. . .

CONCRETE SEAL DEPTH (/ ."'--
'1:7DIAMETER OF RISER PIf'E fin.)

FT. BGS.

DIAMETER OF BOREHOLE lin.}

TYPE AND AMOUNT
OF ANNULAR SEAL

12

IV/,iJr

TOP OF SEAL DEPTH
I

fJ /4-
/

AI!A-
N/4

fJ /4

TYPE OF BENTONITE SEAL

TOP OF SAND PACK DEPTH

CENTRALIZER ( yes I no ) - TY-PE
TOP OF SCREEN DEPTH

FT. BGS.

FT. BGS.

FT. BGS.

TYPE OF SCREEN

SC~EEN SLOT SIZE (in.1
SQE OF SAND ~ACK

AMOUNT OF SAND

I. :
l\Jo. t,,,\('u. .!

1J .I P:-

BOTTOM OF SCREEN DEPTH 13 I, 0

BOTTOM OF WELL DEPTH

BOTTOM OF FILTER PACK
TYPE AND AMOUNT
OF BACKFILL
TOT AL DEPTH OF BOREHOLE

FT. BGS.

FT. BGS.

FT. BGS.



GROUNDWATER MONITORINGWELL

SITE NAME: S1)L~'T1~ "?I"n: ~

CLIENT: 'St,L-UT1

GEOLOGIST: tv\ Hkt>Do&-

DRILLER: ~ W~~MPrtJ
DRILLING'COMPANY: ~tJ.t£

LOCATION: 5hJ.

SURFACE ELEVATrBN:

NORTHING: -- EASTlNG:

STATIC WATER LEVEL: - I COMPLETION DATE: ,"- 12..-02-
DRILLINGMETHODS:t.~'--e. ~'-

LOCK

,
STICKUP: 2. .'1

CA'$1"l(:,

ZO.2.0 "'ltl

~2.

(s=-)

(55)

(~)

(S~)

(s~)

(Sh1!..9

it"S

~(,

,21/.25.1

If. tV"

SU~oj-20'

IS I

tD'
I

~"'~ZO>

-z.'5"".'55"(~5.i)
/5'. z.5

ft..:'D

2.0. IDS

71.75

110.0

IiOTE. DEPTHS IoIEASURED ~ROII GROUIiD SURFACE

CAP

TOP OF RISER PIPE ELEVATION

PROTECTIVE CASING ( yes / no J

PEA GRAVEL OR SAND

WEEP HOLE

GROUND SURFACE ELEVATION

CONCRETE SEAL DEPTH k
/0

FT. BGS.

DIAMETER OF RISER PIPE lin,!

DIAMETER OF BOREHOLE (in.) L1
TYPE AND AMOUNT
OF ANNULAR SEAL 2 ~~ ~N rt1'< o-f If'$ (t::fJ 1'0.b.jS )

FRolII\ 1.5 - '8.0 For B6SI~ A-Nt.l\JUJ.5

N/A-
TYPE OF BENTONITE SEAL ,.W / fir

.1 N/A r- e,.
TOP OF SAND PACK OEPTH NMvKf'rL ro-eI"\f'tru>N '

CENTRALIZER ( yes / no J - TYPE N I A-
?;;<6. 25 . FT. BGS.

( CAS''''j @ r- 4-/. 5 ~ e,0.S)" .
TYPE OF SCREEN I0 [)JI{~€ Wl<..~ 5\"A-H..t LEs,s . S't1::"E L
SCF!EEN SLOT SIZE (in.! D .04-0
SIZE OF SAND PACK Nf\'n..RA-l.- F!)~r..I\I""1\CN
AMOUNT OF' SAND

TOP OF SEAL DEPTH FT. BGS.

FT. BGS.

TOP OF SCREEN DEPTH

BOTTOM OF SCREEN DEPTH I 04- .~ FT. BGS.

BOTTOM OF WELL DEPTH )ID.O FT. BGS.

BOTTOM OF FILTER PACK N/Pr r lffW«ft'L,.. K~ii1;\'!!!;4'i11or~FT.BGS.
TYPE AND AMOUNT I . .
OF BACKFILL !\ItA- /'J.I\-IUI~A-i- Forc.r(\fr'i1~::'''-\
TOTAL DEPTH OF BOREHOLE



... .-'-. .-. .--.--.-

GROUNDWATER MONITORINGWELL

SITE NAME: ~E1t-
CLIENT: 'Sl:n-vl'1A-

GEOLOGIST:. 'M Hktlbo-u~

DRillER: f?-. c::.~s;.

DRILLING 'COMPANY: lfi".(NJ2.

LOCATION: 5Rr\J C:r.ET. J:t.,
SURFACE ELEVATION:

NORTHING: EASTlNG:

STA'TlC WATER LEVEL: - COMPLETION DATE: '.lu\\!~ 20»

DRILLING METHODS: ~U;:,~-

LOCK

TOP OF RISER PIPE ELEVA nON

PROTECTIVE CASING ( yes / no J

'. -!- ". " . .
.". .. ..

GROUND SURFACE ELEVATION

.. . .

"

CONCRETE SEAL DEPTH

DIAMETER OF RISER PIPE (in.l

Lz. FT. BGS.

I 2- II '1=P

DIAMETER OF BOREHOLE (in.!

TYPE AND AMOUNT
OF ANNULAR SEAL

,.
/Z.<g

l::Ut=. .

TOP OF SEAL DEPTH fJ./A:-

N Iff

N./Pr
. 'J!Pr

5lP.5:

FT. 8GS.

TYPE OF BENTONITE SEAL

TOP OF SAND PACK DEPTH

CENTRALIZER ( yes / no I - TYPE

TOP OF SCREEN DEPTH

FT. BGS.

FT. BGS.

TYPE OF' SCREEN

SCREEN SLOT SIZE lin.!
SIZE OF SAND PACK

AMOUNT OF SAND

J(;'h ,/\ ~ lI' V ,.r.::.. \..~v-c-f
n. D4-0

/'-oJIPr N c..; >~t ~r(~",,-+r(.~!i\
NI p.-

BOTTOM OF SCREEN DEPTH I '"2 (0 , 0 FT. 8GS.

. . .... BOTTOM OF WELL DEPTH 13f. -; FT. BGS.

!~,.:::

BOTTOM OF FILTER PACK
TYPE AND AMOUNT
OF BACKFILL
TOTAL DEPTH OF BOREHOLE

0JPr
' / I
I'i I (\.

FT. BGS. .

"OTE. DEPTHS MEASUReD ~RON GROUND SUR~ACE



GROUNDWATER MONITORINGWELL

SITE NAME; .5'I~ £.

CLIENT: S:>L VI!A-

GEOLOGIST: CjA-<:-

DRILLER: ~ L Rli/J.e:

DRILLING COMPANY: ~&.E,t

LOCATION; .5 J.. ~o.tJ - f\) ~~ez.D ~~I
SURFACE ELEVATION;

EASTlNG: ~

LEVEL: --:- . ., COMPLETION DATE: b - 2.7-07

DRILLING METHODS; b ,f" r/ ---j12c)~ -t.

NORTHING;

STATIC WATER

LOCK

STICKUP:

..;4 '.. ~.

...

"

NOTE, DEPTHS "EASUREC FR"'" QAOUNC SURFAce

CAP

TOP OF RISER PIPE ELEVAnON

PROTECTIVE CASING ( yes I no I

PEA GRAVEL OR SAND

WEEP HOLE

GROUND SURFACE ELEVATION
.. . .. . .

CONCRETE SEAL DEPTH FT. BGS.

DIAMETER OF RISER PIPE Un.!

TYPE AND AMOUNT
OF ANNULAR SEAL

DIAMETER 01= BOREHOLE (in.)

TOP OF SEAL DEPTH

TYPE OF BENTONITE SEAL

TOP OF SAND PACK DEPTH

CENTRALIZER ( yes /5<>Q"-l - TYPE

TOP OF SCREEN DEPTH

FT. BGS.

FT. BGS.

TYPE OF SCREEN

SCREEN SLOT SIZE (in.!
SIZE OF SAND PACK
AMOUNT OF SAND

IV Sf<,{- 55
a,ola

BOTTOM OF SCREEN DEPTH

BOTTOM OF WELL DEPTH

BOTTOM OF FILTER PACK
TYPE AND AMOUNT
OF BACKFILL
TOT AL DEPTH OF BOREHOLE

FT. BGS.

FT. BGS.

FT. BGS.



GROUNDWATER MONITORING WELL

LOCATION: s,..h..,..c(~",,,,;~ w..(th:"".'i(t1..6.

SURFACE ELEVATION: -SITE NAME:'

CLIENT:

EASTING:

COMPLETION DATE: 7-'1 -(\ 3

METHODS:{p. <).r l'1v~ \(,,~......

NORTHING:

STATIC WATER LEVEL:
I

DRILLING

CAP

LOCK

TOP OF RISER PIPE ELEVATION

PROTECTIVE CASING ( yes I no J

? rSTICKUP, ."
PEA GRAVEL OR SAND

WEEP HOLE

GROUND SURFACE ELEVATION...
4 .. . :4 . 4. . . .. . .

CONCRETE SEAL DEPTH FT. BGS.

2..£.LDIAMETER OF RISER PIPE lin.)

/..jQ'DIAMETER OF BOREHOLE (in.)

TYPE AND AMOUNT
OF ANNULAR SEAL

TOP OF SEAL DEPTH FT. BGS.

TYPE OF BENTONITE SEAL

<'-'1 ,0

tJti

TOP OF SAND PACK DEPTH

CENTRALIZER ( yes 16) - TYPE

<TOP OF SCREEN DEPTH

FT. BGS.

FT. BGS.

FT. BGS.

FT. BGS.

FT. BGS.

NOTE. DEPTHS "EASURED FROM GROUND SURFACE

TYPE OF SCREEN '75 Icr I. \-

SCREEN SLOT SIZE (in.) ..(.\0

SIZE OF SAND PACK -

AMOUNT OF SAND Z., y <,c) fl. ., S
J

BOTTOM OF SCREEN DEPTH I 2,.:Cf

: ::::::::1
BOTTOM OF WELL DEPTH I'S2.Q

BOTTOM OF FILTER PACK I 1. ()
TYPE AND AMOUNT

1<2.OF BACKFILL
TOTAL DEPTH OF BOREHOLE



SITE NAME: 5 I T~ R
CLIENT :$'o-c JT' ;.,

GEOLOGIST: y'h~ i=:

DRILLER: ~ C.R A ...,P(

DRilLING COMPANY:

LOCK

I '
STICKUP: A-~

'.:4 . <to

GROUNDWATER MONITORINGWELL

LOCA nON: f 2 - \Ji-f,t-
SURFACE ELEVATION:

EASTING: -
LEVEl: - I COMPLETION

DRILLING METHODS;. b 3,4"

NORTHING:

STATIC WATER

. .

NOTE: OEPTHS t..IEASUREOFROM GROUND SURFACE

CAP

TOP OF RISER PIPE ELEVATION

PROTECTIVE CASING I yes I no I

PEA GRAVEL OR SAND

WEEP HOLE

...
" .

GROUND SURFACE ELEVATION
.. . .

CONCRETE SEAL DEPTH

DIAMETER OF RISER PIPE Iin.1 2 "

DIAMETER 01= BOREHOLE (in.) "- )"

TYPE AND AMOUNT
OF ANNULAR SEAL

TOP 01= SEAL DEPTH -"-'-/5:'

CHiPs
~4'1

TYPE OF BENTONITE SEAL

TOP OF SAND PACK DEPTH

CENTRALIZER ( yes I @J - TYPE
TOP OF SCREEN DEPTH - ~2-r

TYPE OF SCREEN

SCREEN SLOT SIZE (in.)

SIZE OF SAND PACK

AMOUNT OF SAND

! D 5,/cf- .5":5
0.610

J.& X 50>?, 0<>1.5
"7

BOTTOM OF SCREEN DEPTH ""/27

BOTTOM OF WELL DEPTH ~. /27

BOTTOM OF FILTER PACK
TYPE AND AMOUNT
OF BACKFILL -
TOTAL DEPTH OF BOREHOLE

127

I

p,rovT
f

DA TE: G- f(o-03

FT. BGS.

FT. BGS.

FT. BGS.

FT. BGS.

FT. BGS.

FT. BGS.

FT. BGS.



SITE NAME: Si+e.

CLIENT: S<iL<J,(/'r

GEOLOGIST: t1) K t:=

DRilLER: ~ c~ AiJt:-

DRilLING COMPANY:

STICKUP:

P2 £GROUNDWATER MONITORING WELL

LOCATION: 71- ~ ~~T
SURFACE ELEVATION: -

EASTING:

LEVEL: - ICOMPLETION DATE: C. . !t:{-c;3

DRILLING METHODS: . C 3f¥" !''tv) ~dJ..,~

NORTHING:

STATIC WATER

LOCK

'.:4 ...
..

"-'.. ".1

"

NOTE, DEPTHS MEASURED FRD" GROuND SURFACE

,1.C\

CAP

TOP OF RISER PIPE ELEVATION

PROTECTIVE CASING ( yes I ~J

PEA GRAVEL OR SAND

weEP HOLE

GROUND SURFACE ELEVATION
... ..,

.. . .. . .

CONCRETE SEAL DEPTH IJA, FT. BGS.

DIAMETER OF RISER PIPE lin.) 2

A..7"DIAMETER OF BOREHOLE (in.!

TYPE AND AMOUNT b t ~, / I
OF ANNULAR SEAL c.1- ""","it: C C(H..c~T

f
4 raJ/
i7"

TOP OF SEAL DEPTH ~L/'

Ct-liP..s

"- S) FT. BGS.

FT. BGS.

TYPE OF BENTONITE SEAL

TOP OF SAND PACK DEPT~

CENTRALIZER ( yes I tf:j) I - TYPE

TOP OF SCREEN DEPTH "-5Lf FT. BGS.

TYPE OF SCREEN

SCREEN SLOT SIZE lin.!

SIZE OF SAND PACK

AMOUNT OF SAND

ID 51..1;- s5
0.616

BOTTOM OF SCREEN DEPTH FT. BGS.

BOTTOM OF WELL DEPTH FT. BGS.

BOTTOM OF FILTER PACK
TYPE AND AMOUNT
OF BACKFLL -
TOT AL DEPTH OF BOREHOLE

FT. BGS.



SITE NAME: .:S J7~ !(

CLIENT: ,$ <H,.vT 14

GEOLOGIST: '"S" ~LP,R.I(

DRillER: "0 CiZ.A./J/C'

DRilLING COMPANY: R'Ob~.r-{

LOCK

-

STICKUP:

..:'" '..

NOTe, DEPTHS MeASURED "ROM GROUND SUR"ACE

GROUNDWATER MONITORING WELL

lOCA TION: "-
SURFACE ELEVATION: -

-' EASTING:-

lEVEL:--- COMPLETIONDATE: 7- 2~

DRilLING METHODS:' S-7/~ '~ /11"d ~J.,...r ,I

NORTHING:

STATIC WATER

CAP

TOP OF RISER PIPE ELEVATION

PROTECTIVE CASING ( yes / Q,

PEA GRAVEL OR SAND

WEEP HOLE

.. ...
. .

GROUND SURFACE ELEVATION

4.', .

CONCRETE SEAL DEPTH

DIAMETER OF RISER PIPE On.1 2
FT. BGS.

TYPE AND AMOUNT
OF ANNULAR SEAL

DIAMETER OF BOREHOLE (in.)

..I.-
"'~~;I
V

TOP OF SEAL DEPTH 4 'LS\ - Cl\rsI A.. l S\ h ('C:h~;

1,5' I . '-' I

TYPE OF BENTONITE SEAL c.L "p..!: / b.(; I-6;. .'1..:.- 9 ro./:

5""0TOP OF SAND PACK DEPTH

CENTRALIZER ( yes / ~ - TYPE

TOP OF SCREEN DEPTH --,,-S,2,S-'

FT. BGS.

F~ BGS.

FT. BGS.

TYPE OF SCREEN

SCREEN SLOT SIZE (in.)

SIZE OF SAND PACK

AMOUNT OF SAND

ID):f:;d- S5:-
Q. C! f().

BOTTOM OF SCREEN DEPTH
"....

BOTTOM OF WELL DEPTH

'i37.5BOTTOM OF FILTER PACK

TYPE AND AMOUNT .J \ i
OF BACKFILL ' c.."""~ ,....

TOT AL DEPTH OF BOREHOLE

FT. BGS.

FT. BGS.

FT. BGS.



SITE NAME:

CLIENT:
5>"\t'V.....

'5.I-Ullh

GEOLOGIST: ~ q~,t"'i

DRILLER: ~ . '-~ ,>:::,

DRILLING COMPANY: ~ E,'\)'):

LOCK

STICKUP:

',;4 '.

NOTE, DEPTHS "EASURED "RO" GROUND SURFACE

GROUNDWATER MONITORINGWELL

LOCATION:

SURFACE ELEVATlON: '-

EASTlNG: -
LEVEL: - I COMPLETION DATE: 7- 'b-H

DRILLING METHODS: sV,r" M.,.\ \?..?.-.
-CF

NORTHING:

STATIC WATER

"

4

CAP

TOP OF RISER PIPE ELEVAnON

PROTECTIVE CASING ( yes / ~J
r\,..J.,
~

PEA GRAVEL OR SAND tJ 0 IV ~

WEEP HOLE

. . '... . GROUND SURFACE ELEVATION
41. . .

CONCRETE SEAL DEPTH

DIAMETER OF RISER PIPE lin.)

DIAMETER OF BOREHOLE (in.)
,~ .. ,. )

--~, \'1r\ :;C' i,;' (J '':1''
I

TYPE AND AMOUNT
OF ANNULAR SEAL

TOP OF SEAL DEPTH

TYPE OF BENTONITE SEAL ~
S-I.oTOP OF SAND PACK DEPTH

CENTRALIZER ( yes {0
TOP OF SCREEN DEPTH FT. BGS.

- TYPE

,..5Lf

TYPE OF SCREEN

SCREEN SLOT SIZE !in.)

SIZE OF SAND PACK
AMOUNT OF SAND

It:>< I" ,!,. ~ I
~.O I "6

FT. BGS.

FT. BGS.

FT. BGS.

BOTTOM OF SCREEN DEPTH

BOTTOM OF WELL DEPTH

BOTTOM OF FILTER PACK

TYPE AND AMOUNT .'
OF BACKFILL ".:..~",. \
TOT AL DEPTH OF BOREHOLE

\0\0"\ (;:... \~

FT. BGS.

FT. BGS.

FT. BGS.



GROUNDWATER MONITORINGWELL PI( cJ

SITE NAME: SOLuIII!>r

CLIENT: ..sCLUI/A

GEOLOGIST: j'Y\KF

DRILLER: ;J. Gi<-NJ'(

DRILLING COMPANY:

LOCATION: .s (~ ~ f;;\,.~

SURFACE ELEVATION: -
NORTHING:

STATIC WATER'LEVEL: "-

DRILLING

EASTING:-

COMPLETION DATE:

METHODS:.r;; .34-/, )1Jvd .R.o!.:.r

1

CAP

LOCK

TOP OF RISER PIPE ELEVATION

PROTECTIVE CASING [ yes I ~J

STICKUP:
PEA GRAVEL OR SAND

WEEP HOLE

..:4 . 4
~ ..,

~ .
GROUND SURFACE ELEVATION

.. . .
...

CONCRETE SEAL DEPTH FT. BGS.

DIAMETER OF RISER PIPE lin.) :]"

DIAMETER OF BOREHOLE (in.l
1/

""7

TYPE AND AMOUNT
OF ANNULAR SEAL

TOP OF SEAL DEPTH "- 45'

c::t'.f> :5
/-v So

FT. BGS.

TYPE .OF BENTONITE SEAL

TOP OF SAND PACK DEPTH

CENTRALIZER [ yes I @?J - TYPE

TOP OF SCREEN DEPTH "-S2::t:'

FT. BGS.

FT. BGS.

TYPE OF SCREEN

SCREEN SLOT SIZE [in.)

SIZE OF SAND PACK
AMOUNT OF SAND

/0 SI!>+- S~
0.010

I
O~,

..;

BOTTOM OF SCREEN DEPTH FT. BGS.

BOTTOM OF WELL DEPTH FT. BGS.

BOTTOM OF FILTER PACK ~ f32 ..;-
TYPE AND AMOUNT
OF BACKFILL -
TOT AL OEPTH OF BOREHOLE

FT. BGS. .

NOTE:DEPTHS t-tEASURec I=ROM GROUND SUR~Ace



GROUNDWATER MONITORINGWELL

SITE NAME: .5C:;>(VT/A

CLIENT: ~o<. \".',.1'..,.

GEOLOGIST: '~Vl R F

DRILLER: cl CRl\I-.>K

DRILLING COMPANY:

LOCA TION: s~
SURFACE ELEVATION: -

EASTlNG: --NORTHING:

STATIC WATER LEVEL: I COMPLETION DATE:

DRilLING METHODS:'£ :11,,/' l'\iJD l?d:;.,r-y

LOCK

STICKUP:

'.:4 '.. . .. ,."'.

"

. .

. .

. .

. .

. .

NOTE: DEPTHS MEASURED .ROM GROUND SUR.ACE

CAP

TOP OF RISER PIPE ELEVATION

PROTECTIVE CASING ( yes I@J

PEA GRAVEL OR SAND

WEEP HOLE

. . ...
. .

GROUND SURFACE ELEVATION
4.. .

CONCRETE SEAL DEPTH IV/1

,21

FT. BGS.

DIAMETER OF RISER PIPE lin.l

DIAMETER OF BOREHOLE (in.)

TYPE AND AMOUNT
OF ANNULAR SEAL

I
'i2.£.QJI
v

TOP OF SEAL DEPTH

TYPE OF BENTONITE SEAL

FT. BGS.

FT. BGS.TOP OF SAND PACK DEPTH ~ 50

CENTRALIZER ( yes / <@ I - TYPE

TOP OF SCREEN DEPTH "-- 52. ~

TYPE OF SCREEN

SCREEN SLOT SIZE (in.!

SIZE OF SAND PACK

AMOUNT OF SAND

10 Slo.f- $'S

O.OID

FT. BGS.

BOTTOM OF SCREEN DEPTH

BOTTOM OF WELL DEPTH c~ 1'1,2.5'

tV /32..5'BOTTOM OF FILTER PACK
TYPE AND AMOUNT
OF BACKFLL .
TOTAL DEPTH OF BOREHOLE

FT. BGS.

FT. BGS.

FT. BGS.
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Contents of Appendix C 
• American Sigma (Hach) 900 MAX All Weather Refrigerated Sampler Instrument 

Manual, Cat. 8854, July 2002, Ed. 4 
• American Sigma (Hach) 900 MAX All Weather Refrigerated Sampler Thermal System, 

Service Manual, Cat No. 3540-04, July 2002, Ed. 3 
• Baker Monitor Pitless Adapter Product Data 
• Belden VFD Cable Data  
• Eurotherm Model MV408 Current Input Isolating Signal Conditioner 
• Federal Signal Group, Telephone Activated Remote Control, Model 300RC 
• Flowserve/Pleuger Submersible Motor Pump Installation, Operation and Maintenance 

Manual 
• Franklin Electric Submersible Motors Manual  
• General Electric 230/208 Volt Window/Wall Mount Heat & Cool Unit Specifications 
• General Electric Room Air Conditioners Owner’s Manual and Installation Instructions 
• Geokon 4500HD Heavy Duty Pressure Transducer Specifications 
• Geomation Measurement and Control Systems 2380 MCU Technical Manual 
• HD Supply Waterworks Gate Valve Specifications 
• Invensys Action Pak AP4390/AP4391/AP4392 
• Krohne Installation Instructions, Aquaflux F Electromagnetic Flowmeters 
• Krohne Signal Converter Data 
• Limitorque LY-MOD 20 Integral Control Diagram Dwg 17-500-0008-3, Rev A. 
• Limitorque PT20SD Position Transmitter Calibration Instructions 
• Limitorque (Mead O’Brien, Inc.) Dwg No. I33762 (dimensioned drawing of Milliken 6” 

valve with Limitorque Actuator) 
• Limitorque Dwg 03-459-0077-1, Rev E (1-22-92), LY-1001 Unit with A1 Top Mount 

Integral Compartment 
• Limitorque Actuation Systems, Modutronic 20 II, Installation & Maintenance Manual 
• Limitorque LY Series, Installation & Maintenance for LY 1001, LY 2001, and LY 3001 
• Milliken Valve Co. Dwg. S 49071, 3-89, Dimensions of Millcentric Plug Valves 
• Milliken Eccentric Plug Valve Product Data 
• Millcentric (Plug Valves) Operations and Maintenance Manual, Series 600 
• ProAir Air Conditioner Manufacturer’s Data (VFD ) 
• Raychem Industrial Heat-Tracing Installation and Maintenance Manual 
• Rockwell Automation (Reliance Electric/Allen Bradley) SP600 AC Drive User Manual, 

Version 1.0, 6SB401 Series, 460 VAC (20 HP to 100 HP), Instruction Manual D2-3501-1  
• Sensaphone 2000 Engineering Specifications 
• Val-Matic Wastewater Air/Vacuum Valve Drawing No. VM-302A 
• Val-Matic WW Air/Vacuum Valve with Backwash Accessories Dwg No. VM-302ABW 
• Val-Matic Wastewater Air/Vacuum Valve Operation, Maintenance & Installation 
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• Val-Matic Wastewater Air/Vacuum Valve Specification 



1       Scope
1.1 This specification is intended to cover the design, manufacture, and testing of 1 in. (25 mm) through 8 in. (200 mm)
Wastewater Air/Vacuum Valves suitable for pressures up to 150 psig (1000 kPa).
1.2 Wastewater Air/Vacuum valves shall be fully automatic float operated valves designed to exhaust large quantities of
air during the filling of a piping system and close upon liquid entry.  The valve shall re-open during draining or if a negative
pressure occurs.  [NOTE:  See Wastewater Air Release Valves for releasing air during system operation and Wastewater
Combination Air Valves for both air release and air/vacuum functions.]

2       Standards, Approvals and Verification
2.1    Valves shall be manufactured and tested in accordance with American Water Works Association (AWWA) Standard C512.
2.2    Manufacturer shall have a quality management system that is certified to ISO 9001:2000 by an accredited, certifying
body.

3       Connections
3.1 Valve sizes 3 in.(75 mm) and smaller shall have full size NPT inlets and outlets equal to the nominal valve size with a
2 in. (50 mm) inlet on 1 in. (25 mm) valves.  The body inlet connection shall be hexagonal for a wrench connection.  The
valve body shall have 2” NPT cleanout and 1” NPT drain connections on the side of the casting.
3.2 Valve sizes 4 in. (100 mm) and larger shall have bolted flange inlets with NPT outlets.  Flanges shall be in accordance
with ANSI B16.1 for Class 125 iron flanges.
3.3 The valve shall have three additional NPT connections for the addition of backwash accessories.

4       Design
4.1 The extended valve body shall provide a through flow area equal to the nominal valve size.  A bolted cover with alloy
screws and flat gasket shall be provided to allow for maintenance and repair.
4.2 Tandem floats shall be unconditionally guaranteed against failure including pressure surges.  The float assembly shall
have a hexagonal guide shaft supported in the body by circular bushings to prevent binding from debris.  The upper float
shall be protected against direct water impact by an internal baffle.
4.3 The resilient seat shall provide drop tight shut off to the full valve pressure rating.  The seat shall be a minimum of .5
in. (12 mm) thick on 2 in. (50 mm) and larger valves and secured in such a manner as to prevent distortion.
4.4 On valve sizes 4 in. (100 mm) and larger, the cover shall be fitted to the valve body by means of a machined register
to maintain concentricity between the top and bottom guide bushings at all times.  The tandem float shall be double guided
with a guide shaft extending through the float.  A resilient bumper shall be provided to cushion the float during sudden
opening conditions.

5       Materials
5.1 The valve body, cover, and baffle shall be constructed of ASTM A126 Class B cast iron.
5.2 The float, guide shafts, and bushings shall be constructed of Type 316 stainless steel.  Non-metallic guides and bushings
are not acceptable.  Resilient seats shall be Buna-N.

6       Options
6.1 A flanged or screwed outlet connection shall be provided when specified for vault piping.
6.2    An optional Regulated Exhaust Device shall be provided when specified to reduce pressure surges due to column
separation or rapid changes in velocity and pressure in the pipeline.
6.2.1  The Regulated Exhaust Device shall be mounted on the outlet of the Wastewater Air/Vacuum Valve, allow free
air flow in and out of the valve, close upon rapid air exhaust, and control the air exhaust rate to reduce pressure
surges.
6.2.2  The device shall have a threaded or flanged globe-style body with a center guided disc and seat assembly.  The disc
shall have threaded holes to provide adjustment of the air exhaust rate thuough the valve.  The holes shall provide for a
flow area of 5%  of the nominal valve size.
6.2.3  The material of the body shall be consistent with the Air Valve.  The seat and disc shall be ASTM A351 Grade CF8M
stainless steel.
6.3 Backwash accessories shall be furnished when specified and shall consist of an inlet shut-off valve, a blow-off valve,
a clean water inlet valve, rubber supply hose, and quick disconnect couplings.  Accessory valves shall be quarter-turn, full
ported bronze ball valves.
6.4 Optional body materials include ASTM A536 Grade 65-45-12 ductile iron, ASTM A351 Grade CF8M stainless steel,
and ASTM B584 Alloy C83600 cast bronze.

7       Manufacture
7.1 The manufacturer shall demonstrate a minimum of five (5) years experience in the manufacture of wastewater air
valves. When requested, the manufacturer shall provide test certificates, dimensional drawings, parts list drawings, and
operation and maintenance manuals.
7.2 The exterior of the valve shall be coated with a universal alkyd primer.
7.3    Wastewater Air/Vacuum Valves shall be Series 300 as manufactured by Val-Matic and Manufacturing Corporation,
Elmhurst, Il, USA or approved equal.

VM-300-S

WASTEWATER AIR/VACUUM VALVE
Val-Matic Specification

6-7-06

VALVE AND MANUFACTURING CORP.

DATE

DRWG. NO.

AL ATIC®

WASTEWATER AIR/VACUUM VALVE SPECIFICATION
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Safety Precautions

Please read this entire manual before unpacking, setting up, or operating this instrument. 

Pay particular attention to all danger and caution statements. Failure to do so could result in serious injury to the 
operator or damage to the equipment.

To ensure the protection provided by this equipment is not impaired, do not use or install this equipment in any 
manner other than that which is specified in this manual.

Use of Hazard Information
If multiple hazards exist, this manual will use the signal word (Danger, Caution, Note) corresponding to the 
greatest hazard.

DANGER
Indicates a potentially or imminently hazardous situation which, if not avoided, could result in 
death or serious injury.

CAUTION
Indicates a potentially hazardous situation that may result in minor or moderate injury.

NOTE
Information that requires special emphasis.

Precautionary Labels
Read all labels and tags attached to the instrument. Personal injury or damage to the instrument could occur if 
not observed.

This symbol, if noted on the instrument, references the instruction manual for operation 
and/or safety information.

This symbol, when noted on a product enclosure or barrier, indicates that a risk of electrical shock 
and/or electrocution exists and indicates that only individuals qualified to work with hazardous voltages 
should open the enclosure or remove the barrier.

This symbol, when noted on the product, identifies the location of a fuse or current limiting device.

This symbol, when noted on the product, indicates that the marked item can be hot and should not be 
touched without care.

This symbol, when noted on the product, indicates the presence of devices sensitive to Electro-static 
Discharge and indicates that care must be taken to prevent damage to them.
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Safety Precautions
Hazardous Locations
The 900 MAX All Weather Refrigerated Sampler is not approved for use in 
hazardous locations as defined in the National Electrical Code.

DANGER
Although some Sigma 
products are designed and 
certified for installation in 
hazardous locations as 
defined by the National 
Electrical Code, many Sigma 
products are not suitable for 
use in hazardous locations. It 
is the responsibility of the 
individuals who are installing 
the products in hazardous 
locations to determine the 
acceptability of the product 
for the environment. 
Additionally, to ensure safety, 
the installation of 
instrumentation in hazardous 
locations must be per the 
manufacturer's control 
drawing specifications. Any 
modification to the 
instrumentation or the 
installation is not 
recommended and may result 
in life threatening injury 
and/or damage to facilities.

DANGER
Bien que certains produits Sigma soient conçus et certifiés pour être 
installés dans des endroits dangereux tels que définis par le National 
Electric Code, de nombreux produits Sigma ne conviennent pas pour de 
tels endroits. Il relève de la responsabilité des personnes qui placent les 
produits dans des endroits dangereux de déterminer s'ils sont adaptés à 
cet environnement. En outre, à des fins de sécurité, le placement de 
machines dans des endroits dangereux doit s'effectuer dans le respect 
des consignes des schémas de contrôle du fabricant. Toute 
modification apportée aux machines ou tout déplacement de celles-ci 
est déconseillé, car susceptible de provoquer des accidents matériels 
et/ou corporels.

PELIGRO
Aunque algunos productos Sigma están diseñados y homologados para 
su instalación en entornos peligrosos, entendidos éstos conforme a la 
definición del “National Electrical Code” (Reglamento Eléctrico 
Nacional), muchos de los productos Sigma no son aptos para su 
utilización en lugares peligrosos. Es responsabilidad de quienes 
instalen los productos en entornos peligrosos el asegurarse de la 
idoneidad de dichos productos para este tipo de entorno. Además, para 
garantizar la seguridad, la instalación de los instrumentos en lugares 
peligrosos deberá realizarse conforme a las especificaciones del plano 
del fabricante. Se desaconseja cualquier modificación de los 
instrumentos o de la instalación, ya que podría provocar lesiones 
corporales graves, e incluso fatales, y/o daños materiales a los equipos.

GEFAHR
Einige Sigma-Produkte sind für den Einbau in explosionsgefährdeten 
Bereichen gemäß den Festlegungen des National Electrical Code 
speziell geprüft und zugelassen. Dies gilt jedoch keineswegs für das 
gesamte Sigma-Produktangebot. Die Entscheidung, ob ein Produkt für 
den Einsatz in explosionsgefährden Bereichen geeignet ist oder nicht, 
bleibt in die Verantwortung des jeweiligen Installateurs gestellt. Im 
Interesse der Sicherheit ist es zudem erforderlich, dass ein etwaiger 
Einbau des Geräts in explosionsgefährdeten Bereichen genau nach den 
Steuerungsanlagen-Zeichnungen des Herstellers erfolgt. Von der 
Vornahme von Änderungen an meß- bzw. regeltechnischen Geräten 
bzw. abweichender Installation wird dringend abgeraten, da hierdurch 
lebensbedrohliche Personen- und/oder Sachschäden verursacht werden 
können!

This symbol, when noted on the product, identifies a risk of chemical harm and indicates that only 
individuals qualified and trained to work with chemicals should handle chemicals or perform 
maintenance on chemical delivery systems associated with the equipment.

This symbol, if noted on the product, indicates the need for protective eye wear.

This symbol, when noted on the product, identifies the location of the connection for Protective Earth 
(ground).
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Safety Precautions
PERICOLO
Nonostante alcuni prodotti Sigma, siano predisposti e certificati per 
l'installazione in ambienti pericolosi, come previsto dal Codice 
Normativo Nazionale che concerne l'elettricità, è sconsigliabile utilizzare 
prodotti Sigma in ambienti considerati pericolosi. E' diretta 
responsabilità della persona che installa lo strumento in un luogo 
ritenuto “pericoloso” appurare se lo strumento è compatibile con tale 
ambiente. Inoltre, per maggior sicurezza, l'installazione dello strumento 
in ambienti pericolosi deve seguire le specifiche di progettazione del 
produttore. Si deve evitare qualunque manomissione allo strumento o 
all'installazione, tali modifiche possono rappresentare una minaccia per 
la vita delle persone e creare guasti.

Confined Space Entry 

Important Note: The following information is provided to guide users of 900 MAX 
Samplers on the dangers and risks associated with entry into confined spaces. 

On April 15, 1993, OSHA's final ruling on CFR 1910.146, Permit Required 
Confined Spaces, became law. This new standard directly affects more than 
250,000 industrial sites in the United States and was created to protect the 
health and safety of workers in confined spaces.

Definition of Confined Space
A Confined Space is any location or enclosure that presents or has the 
immediate potential to present one or more of the following conditions:

• An atmosphere with less than 19.5% or greater than 23.5% oxygen 
and/or more than 10 ppm Hydrogen Sulfide (H2S)

• An atmosphere that may be flammable or explosive due to gases, vapors, 
mists, dusts, or fibers

• Toxic materials which upon contact or inhalation, could result in injury, 
impairment of health, or death

Confined spaces are not designed for human occupancy. They have restricted 
entry and contain known or potential hazards. 

Examples of confined spaces include manholes, stacks, pipes, vats, switch 
vaults, and other similar locations.

Standard safety procedures must always be followed prior to entry into 
confined spaces and/or locations where hazardous gases, vapors, mists, 
dusts, or fibers may be present.

Before entering any confined space check with your employer for procedures 
related to confined space entry.
Page 9
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Specifications

Specifications are subject to change without notice.

900 MAX All Weather Refrigerated Sampler

General

Dimensions Width 71 cm (28 in.), Depth 71 cm (28 in.), Height 125 cm (49 in.), Weight 79 kg (175 lb)

Cabinet Fiberglass reinforced plastic with beige UV inhibited polymer laminate.

Temperature Range -29 to +50 °C (-20 to 122 °F); With optional controller compartment heater, -40 to +50 °C 
(-40 to 122 °F)

Recovery Time With door open one minute in 24 °C (75 °F) ambient and 4 °C sample temperature, 5 minutes.

Pull-Down Time From 24 °C (75 °F) to 4 °C (39 °F), 15 minutes

Thermal System Top mounted compressor/condenser with fan forced air cooled condenser; 3 sided wrap-
around evaporator plate; 2" rigid foam insulation; microprocessor controlled thermostat 
maintains sample liquid at 4 °C (±1 °C); frost free; compression gasket door seal; refrigeration 
components and plumbing are corrosion protected with conformal coating.

Power Requirements 115 V ac, 60 Hz (230 and 100 V ac optional); Compressor Running Amperage 1.5–2.0 A. 
Locked rotor current 12 amps. Installation Category II.

Optional ac Power 
Backup 
(Pump Controller Only)

Pump/Controller Only: Rechargeable 6 amp-hour gel lead acid battery takes over 
automatically with ac line power failure. Integral trickle charger maintains battery at full charge 
(factory installed option).

Internal Battery Two C cell alkaline batteries; maintains program logic and real time clock for five years. 
Internal battery current draws less than 40 micro amps.

Control Panel 21 key membrane switch keypad with 4 multiple function soft keys; 8 line x 40 character 
alphanumeric, back-lit liquid-crystal graphics display. Self prompting/menu driven program.

Data Logging Records program start time and date, stores up to 400 sample collection times/dates, all 
program entries, operational status including number of minutes or pulses to next sample, 
bottle number, number of samples collected, number remaining, sample identification number, 
and all logged data (i.e. level, flow, pH, stream temperature, refrigerated compartment sample 
temperature, ORP, rainfall, and any externally logged data - up to 7 external channels). Also, 
up to 200 events are logged, including alarm conditions, program run/stop events, etc.

Set Point Sample 
Trigger

When equipped with integral flow meter, pH/temperature/ORP meter, conductivity, and/or D.O. 
monitoring options...sampling can be triggered upon an upset condition when field selectable 
limits are exceeded. Concurrent with normal sampling routine, sample liquid is deposited in 
designated “trouble bottle(s)”.

Sampling Modes Multiple Bottle Time, Multiple Bottle Flow, Composite Multiple Bottle Time, Composite Multiple 
Bottle Flow, Composite Time, Composite Flow, Flow with Time Override, Variable Interval, 
Start/Stop, and Level Actuation.

Program Delay Three formats: (1) 1-9,999 minutes or flow pulses in one unit increments (2) programmable 
sampler start time/date, and (3) programmable time/day of week.

Overload Protection Controller: 5 amp dc line fuse. Compressor: Thermal overload relay opens at 110 °C 
(230 °F)

Diagnostics Tests keypad, display, ROM, pump, and distributor.

Program Lock Access code protection precludes tampering.

Communications

EPROM Flash Memory Via RS232. Permits embedded software upgrades in the field.

Serial Interface RS232 compatible; allows on-site collection of stored data. 

Modem (optional) 14400, V.32 bis, V.42, MNP2-4 error correction. V.42 bis MNP5 data compression. 
MNP10-EC Cellular Protocol.
Page 10
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Specifications
Sample Bottle Capacity

Sample Bottle Capacity (24) 1-L polyethylene and/or 350 mL glass bottles. (8) 2.3-L polyethylene and/or 1.9-L glass 
bottles. (4) 3-gal polyethylene and/or 2½-gal glass bottles. (2) 3-gal polyethylene and/or 
2½-gal glass bottles, (1) 6-gal polyethylene.

Sampling Features

Multiple Programs Stores up to five separate sampling programs. 

Cascade Allows using two samplers in combination where the first sampler at the completion of the 
program initiates the second.

Upset Sampling When equipped with integral flow meter, pH/temperature/ORP meter, conductivity, and/or D.O. 
monitoring options... Sampling can be triggered upon an upset condition when field selectable 
limits are exceeded, concurrent with normal sampling routine, sample liquid is deposited in 
designated “trouble bottle(s)”. Can also be triggered from an external trigger.

Status Output Alerts operator to low main battery, low memory power, plugged intake, jammed distributor 
arm, sample collected, and purge failure.

Automatic Shutdown Multiple Bottle Mode: After complete revolution of distributor arm (unless Continuous Mode 
selected). Composite Mode: After preset number of samples have been delivered to 
composite container, from 1–999 samples, or upon full container.

Sample Volume Programmed in milliliters, in one mL increments from 10 to 9,999 mL.

Sample Volume 
Repeatability

±5% typical

Interval Between 
Samples

Time Proportional Sampling: Format: Selectable in single increments from 1 to 9,999 minutes 
in one minute increments.
Flow Proportional Sampling - Continuous Volume, Variable Time (CVVT):1 to 9,999 “units” of 
flow volume, where “units” are whatever is set up for in the integral flow option. or-1 to 9,999 
external-meter flow pulses: (momentary contact closure 25 msec. Or 5–12 V dc pulse; 
4–20 mA interface optional) 
Flow Proportional Sampling - Constant Time, Variable Volume (CTVV): 
Format: 999: 00 hrs:min.Selectable in 1-minute increments of 1 to 59,940 minutes. 

Multiplex (Multiple 
Bottle Mode) 

Multiple Bottle Mode: Programming allows multiple samples per bottle and/or multiple bottles 
per sample collection.

Sample Pump and Strainer 

Sample Pump High speed peristaltic, dual roller, with 3/8” ID by 5/8” OD medical grade silicone rubber pump 
tube. 

Pump Body Impact/corrosion resistant, glass reinforced Delrin®

Vertical Lift 27 ft maximum (Remote Pump Option recommended for lifts from 22 to 35 ft).

Sample Transport 
Velocity 

2 ft/sec minimum, at 15 ft vertical lift in a 3/8” ID intake tube.

 Pump Flow Rate 60 mL/sec at 3 ft vertical lift in a 3/8” ID intake line. 

Liquid Sensor Non-wetted, non-contact, ultrasonic.

Intake Purge Air purged automatically before and after each sample; duration automatically compensates 
for varying intake line lengths.

Pump/Controller 
Housing

High impact injection molded ABS; submersible, watertight, dust tight, corrosion & ice 
resistant; NEMA 4X,6.

Internal Clock Indicates real time and date; 0.007% time base accuracy.

Manual Sample Initiates a sample collection independent of program in progress.

Intake Rinse Intake line automatically rinsed with source liquid prior to each sample, from 0 to 3 rinses.

Intake Retries Sample collection cycle automatically repeated from 0 to 3 times if sample is not obtained on 
initial attempt.
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Specifications
Factory Installed Options

Intake Tubing ¼” and 3/8” ID vinyl or 3/8” ID Teflon* lined polyethylene with protective outer cover.

Intake Strainers Choice of Teflon® and 316 stainless construction, and all 316 stainless steel in standard size 
and low profile for shallow depth applications.

pH/Temperature/ORP Meter

Control/Logging Field selectable to log pH/temperature or ORP independent of sample operation or to control 
sample collection in response to volume exceeding low/high setpoints.

pH/Temperature Sensor Temperature compensated; impact resistant ABS plastic body.

Combination electrode with porous Teflon®-junction.

Measurement Range 0 to 14 pH, -10 to 105 °C

Operating Temperature -18 to 80 °C (0 to 176 °F)

Dimensions 1.9 cm dia. × 15.2 cm long (0.75 in. × 6 in.) with 1.9 cm (0.75 in.) mpt cable end.

Dissolved Oxygen Meter

Control/Logging Field selectable to log dissolved oxygen independent of sampler operation or to control 
sample collection in response to volume exceeding low/high setpoints.

Measurement Method Galvanic

Sensor Temperature compensated; impact resistant polypropylene body.

Measurement Range 0 to 20 mg/L

Resolution 0.01 mg/L

Accuracy ±3% of reading or 0.1 mg/L

Operating Temperature 0 to 50 °C (32 to 122 °F)

Dimensions 1.7 mm diameter × 15.7 cm long (0.65 in. × 6.25 in.) with 1.9 cm (0.75 in.)

Conductivity Meter

Control/Logging Field selectable to log conductivity independent of sampler connection or to control sample 
collection in response to volume exceeding low/high setpoints.

Sensor Temperature compensated; impact resistant polypropylene body.

Measurement Range 0 to 20 mS/cm

Resolution 0.01 mS/cm or 1 mS/cm

Accuracy ±2% of reading or 0.01 mS

Operating Temperature 0 to 50 °C (32 to 122 °F)

Dimensions 1.7 cm diameter × 15.2 cm long (0.67 in. x 6 in.) with 1.9 cm (0.75 in.) mpt cable end.
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Specifications
Rain Gauge Input

General Information For use with Tipping Bucket Rain Gauge.
The Sampler Program can be initiated upon field selectable rate of rain.

Sampler records rainfall data.

Each tip = 0.25 mm (0.01in.) of rain.

Analog Input Channels

General Information Up to 3 additional data logging channels record data from external source(s)
Field assignable units.

-4.0 to +4.0 V dc and 0 to 20 mA

4–20 mA Output

General Information Up to 2 output signals available.
User assignable.

Maximum Resistive 
Load

600 ohms

Output Voltage 24 V dc—no load

Insulation Voltage Between flow meter and 4–20 mA output—2500 V ac.

Between the two 4–20 mA outputs—1500 V ac.

Alarm Relays

General Information (4) 10 amp/120 V ac or 5 amp/220 V ac form C relays

±0.1% FS Error

User assignable for any internal or external data channel or event. 

Downlook Ultrasonic Sensor 40 kHz

Accuracy 0.003 m (±0.01 ft)

Maximum Range 3.35 m (11 ft) with a 3.05 m (10 ft) span

Deadband 38 cm (15 in.) maximum, self-minimizing

Material PVC housing with Buna-N acoustic window.

Cable 4 conductor with integral stainless steel support cable
Page 13
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Specifications
Submerged Pressure Transducer

Material Epoxy body with stainless steel diaphragm.

Cable Polyurethane sensor cable with air vent.

Cable Length 7.6 m (25 ft) standard; 76 m (250 ft) maximum 

Sensor Dimensions 2 cm H x 3.8 cm W x 12.7 cm L (0.8 in. x 1.5 in. x 5 in.)

Maximum Range 5 psi, 0.063 to 3.5 mm (0.018 to 11.5 ft)
15 psi, 0.063 m to 10.5 m (0.018 to 34.6 ft) 

Maximum Allowable 
Level

3x over pressure

Operating Temperature 
Range

0 to 71 °C (32 to 160 °F)

Compensated 
Temperature Range

0 to 30 °C (32 to 86 °F)

Air Intake Atmospheric pressure reference is desiccant protected.

Submerged Area/Velocity Probe

Method Doppler Principle/Pressure Transducer.

Material Polymer body, 316 series stainless steel diaphragm.

Cable 8-conductor urethane sensor cable with air vent.

Cable Length 7.6 m (25 ft) standard

Sensor Dimension Length: 12.7 cm (5 in.)
Width: 3.8 cm (1.5 in.)

Height: 2 cm (0.8 in.)

Velocity Velocity accuracy: 2% of reading; Zero Stability: <0.015 m/s (<0.05 fps).

Response time: 4.8 seconds.
Profile Time: 4.8 seconds.

Range: -1.52 to 6.1 m/s (-5 to +20 fps).

Resolution: 0.3 cm (0.01 fps).

Depth Depth Accuracy: 0–3.35 m (0–11 ft) 1.37 mm (±0.054 in.)
0–10.06 m (0–33 ft) 4.09 mm (±0.161 in.)

Maximum Allowable Level: 3x over pressure.

Operating Temperature Range: 0 to 71 °C (32 to 160 °F).

Compensated Temperature Range: 0 to 30 °C (32 to 86 °F).

Temperature Error: 

0.005 to 3.5 m ±0.0022 m/°C (0.018 to 11.5 ft ±0.004 ft/°F)
0.005 to 10.5 m ±0.006 m/°C (0.018 to 34.6 ft ±0.012 ft/°F)

(maximum error w/in compensated temperature range—per degree of change)

Velocity Induced Error on Depth (patent pending): 
0 to 3.05 m/s (0 to 10 ft/s) = 0.085% of reading.

Air Intake: Atmospheric pressure reference is desiccant protected.
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Section 1 Introduction

The 900 MAX Sampler is housed in a resin transfer-molded fiberglass cabinet 
which is designed for indoor or outdoor locations. No secondary enclosure is 
required. The refrigeration compressor is located on top of the 900 MAX 
Sampler to avoid hydrogen sulfide and other corrosive, heavier than air gases. 
The microprocessor in the 900 MAX Sampler controller runs all refrigeration 
and heating operations directly without relying on mechanical thermostats. No 
mechanical thermostat adjustments are required. All temperature settings, 
setup, and calibrations are performed via the front panel. 

1.1 Controller Cover 
The lockable top cover protects the controller compartment from extreme 
weather as well as unauthorized use. When open, it is supported with a 
simple rod and clip similar to a car hood support (see Figure 1). Padlocks are 
available from the manufacturer (Cat. No. 954).

Figure 1 Controller Cover 

1.2 Controller Compartment Heater
The optional 500 watt controller compartment heater provides several benefits 
in colder climates:

• Prevents residual liquid from freezing in the pump.

• Pump tubing stays resilient, prolonging the life of the tubing, pump rollers, 
motor, and gear box.

• Prevents ice and snow from building up on the cover.

• Keeps LCD functional and electronics from temperature extremes.

The compartment heater operation is microprocessor controlled and totally 
automatic.

1.3 Refrigeration Compartment Door
The lockable front door opens by pressing the round button in the center of 
the latch. When closing the door, flip the latch closed to pull the door tight. 
Two keys are provided for the door lock.

Since the door gasket may compress slightly over time, an adjustment screw 
is provided to allow the door to be tightened. Loosen the lock nut before 
making adjustments and retighten the lock nut when done (Figure 2).
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Section 1
Figure 2 Door Latch

1.4 Interface Connectors
Interface connectors are located on the left side of the controller housing. An 
optional weather tight terminal box located on the back of the sampler 
provides conduit termination for all input/output lines.

The sampler comes standard with two interface receptacles.

• 12 V dc (Power Input)

• Auxiliary (Multi-purpose input/output port)

• RS232 (Serial communications port)

• Thermal (Control port for heating and cooling system)

In addition, the sampler can be used with a wide variety of optional devices:

Lock Nut

Door Tension
Adjustment

Screw

• Level and Flow Sensors • Conductivity

• Rain Gauge • Modem

• pH/ORP • 4–20 mA Current Loop Output

• Dissolved Oxygen • Three additional analog inputs of 4–20 
mA or -4.0 V dc to +4.0 V dc

• Temperature
Page 16
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Section 1
Figure 3 Controller Housing Connectors

1.4.1 Receptacle Caps
Interface receptacles are covered with push-on receptacle caps. These caps 
protect the connector pins from dirt and moisture and should be attached to 
any receptacle not in use.

1.5 Front Panel
The front panel of the sampler consists of the following parts: 

• Keypad

• Liquid crystal display 

• Internal case humidity indicator

12 V dc

12 V dc

RS232

Thermal

RS232

Thermal

Auxiliary

AUX
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Section 1
Figure 4 Front Panel

1.5.1 Keypad Description
The 900 MAX Sampler keypad has three components: numeric keypad, soft 
keys, and function keys.

Numeric Keypad
The numeric keypad consists digits 0 through 9, a +/- key, and a decimal key.

“Soft” Keys
Soft keys are blank, white keys located to the left and right of the display. 
The appearance of each function key depends on the display. If no function is 
shown for a specific key, that key is not currently active. The soft key labels 
appear on the display and point (with a straight line) to the proper soft key to 
push for that action.

In some cases during a programming step an item from a list needs to be 
selected. The soft keys on the right side of the display will change to display 
“up” and “down” arrows. Scroll up and down the list of choices. 

Four
Soft Keys

Liquid Crystal
Display (LCD) Peristaltic

Pump

Desiccant
Indicator

Liquid
Sensor Power On

Indicator LED

Tubing
Guide
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Section 1
Power ON/OFF Key
To turn the instrument on, press the ON key. When the instrument is turned 
on, a green light located next to the ON key flashes to indicate that the 
sampler power is turned on. To turn the instrument off, press the OFF key.

Function Keys
There are three function keys that are used often while operating the sampler. 
These functions are dedicated keys to allow quick access. They are the white 
keys located just above the numeric keypad 

1.5.2 Liquid Crystal Display
The 900 MAX Sampler liquid crystal display (LCD) works in conjunction with 
the four soft keys. When a soft key changes function, the display shows the 
new function. 

Menu Bar
The Menu Bar appears in a black band on the top edge of the display. 
The upper left corner of the menu bar shows the time and date. The upper 
right corner shows the name of the current menu (Figure 4).

Status Bar
The Status Bar appears along the bottom edge of the display. 
The appearance of the status bar changes depending upon the 
function performed (Figure 4).

The lower left corner of the Status Bar indicates whether a program is 
Complete, Running, Halted, or Ready To Start. If it is not needed during a 
programming step, it disappears. 

The lower right corner displays system alarm conditions, such as low memory 
battery, jammed distributor etc. For a list of possible alarms refer to 
section 6.4 on page 96. The status bar also lists the valid choices when 
entering certain programming information. 

Function Key Description

Main Menu

This is the starting point to get to any other point in the program. Press the Main Menu key at any time 
during programming to return to the Main Menu Screen. The current action is cancelled if changes are not 
yet accepted.

Manual Mode

Manually controls the operation of the sample pump and the distributor arm.

ADVANCED DISTRIBUTOR soft key: Moves the distributor arm to the user selected bottle. Used to verify the 
operation of the distributor or when repositioning the arm if it was moved by hand.

GRAB SAMPLE soft key: Takes a sample in the same manner as when a program is running. Includes all 
pre-rinses and sample retries, if programmed.

PUMP OPERATION soft key: Allows manual control of the pump in both forward and reverse directions. 
Once started, the pump is stopped by pressing any key.

Run/Stop

Runs (or resumes) a program and stops a currently running program. 
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1.5.3 Internal Humidity Indicator
The internal case humidity indicator (Cat. No. 2660) turns pink when the 
internal case humidity exceeds 60 percent.

The sampler is equipped with an internal desiccant module (Cat. No. 8849) to 
absorb any humidity trapped in the case during final assembly. Under normal 
operating conditions, this desiccant provides long-term protection against 
condensed moisture inside the case.

Replacement of the internal desiccant module is only necessary if the 
indicator turns pink. (Refer to section 7.10 on page 112 for details on 
replacing the internal desiccant.)
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INSTALLATION

DANGER
Some of the following manual sections contain information in the form of warnings, cautions and notes 
that require special attention. Read and follow these instructions carefully to avoid personal injury and 
damage to the instrument. Only personnel qualified to do so, should conduct the installation/maintenance 
tasks described in this portion of the manual.

DANGER
Certains des chapitres suivants de ce mode d’emploi contiennent des informations sous la forme 
d’avertissements, messages de prudence et notes qui demandent une attention particulière. Lire et suivre 
ces instructions attentivement pour éviter les risques de blessures des personnes et de détérioration de 
l’appareil.  Les tâches d’installation et d’entretien décrites dans cette partie du mode d’emploi doivent être 
seulement effectuées par le personnel qualifié pour le faire.

PELIGRO
Algunos de los capítulos del manual que presentamos contienen información muy importante en forma de 
alertas, notas y precauciones a tomar. Lea y siga cuidadosamente estas instrucciones a fin de evitar 
accidentes personales y daños al instrumento. Las tareas de instalación y mantenimiento descritas en la 
presente sección deberán ser efectuadas únicamente por personas debidamente cualificadas.

GEFAHR
Einige der folgenden Abschnitte dieses Handbuchs enthalten Informationen in Form von Warnungen, 
Vorsichtsmaßnahmen oder Anmerkungen, die besonders beachtet werden müssen. Lesen und befolgen 
Sie diese Instruktionen aufmerksam, um Verletzungen von Personen oder Schäden am Gerät zu 
vermeiden. In diesem Abschnitt beschriebene Installations- und Wartungsaufgaben dürfen nur von 
qualifiziertem Personal durchgeführt werden.

PERICOLO
Alcune parti di questo manuale contengono informazioni sotto forma d’avvertimenti, di precauzioni e di 
osservazioni le quali richiedono una particolare attenzione. La preghiamo di leggere attentivamente e di 
rispettare quelle istruzioni per evitare ogni ferita corporale e danneggiamento della macchina. Solo gli 
operatori qualificati per l’uso di questa macchina sono autorizzati ad effettuare le operazioni  di 
manutenzione descritte in questa parte del manuale.



Section 2 Installation

DANGER
This instrument should be 
installed by qualified technical 
personnel to ensure adherence to 
all applicable electrical codes.

DANGER
Cet appareil doit être installé par du personnel technique qualifié, afin d'assurer 
le respect de toutes les normes applicables d'électricité.

PELIGRO
Este instrumento debe ser instalado por personal técnico capacitado para 
asegurar el cumplimiento con todos los códigos eléctricos y de plomería 
aplicables.

GEFAHR
Um zu gewährleisten, daß alle elektrischen VDE-Vorschriften und 
gegebenenfalls die Zusatzvorschriften der zuständigen Elektrizitäts- und 
Wasserwerke erfüllt werden, darf dieses Gerät nur von geschultem 
Fachpersonal installiert werden.

PERICOLO
Lo strumento deve essere installato da personale tecnico qualificato per 
garantire la conformità delle norme in materia di elettricità.

2.1 Unpacking the Instrument
Remove the 900 MAX Sampler from the shipping carton and inspect it for any 
damage. If the shipment arrives damaged or incomplete contact: Technical 
Support at 1-800-635-1230 or send an e-mail to techhelp@hach.com.

2.2 Selecting the Installation Site

DANGER
This product is not designed for 
hazardous locations where 
combustible environments 
may exist.

DANGER
Ce produit n'est pas conçu pour des endroits dangereux dans lesquels il peut 
exister des environnements combustibles.

PELIGRO
Este producto no está diseñado para su uso en entornos peligrosos donde 
exista riesgo de combustión.

VORSICHT - LEBENSGEFAHR!
Dieses Produkt ist nicht zur Verwendung in explosionsgefährdeteten Bereichen 
bzw. Umgebungen mit potentiell brennbarer Atmosphäre geeignet.

PERICOLO
Questo prodotto non è studiato per localizzazioni pericolose in cui possono 
esistere pericoli ambientali.

Follow the simple guidelines below to allow complete drainage of the intake 
line and prevent cross-contamination between samples.

• Install the sampler as close to the sample source as site conditions 
permit. This will increase pump tube life and optimize overall sampler 
performance.

• Install the sampler above the sample source, with the intake tubing 
sloping downward to the sample.

• Make sure that the intake tubing is free of kinks or loops.
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Section 2
2.3 Installing the 900 MAX All Weather Refrigerated Sampler
The 900 All Weather Refrigerated Sampler can be installed using the optional 
anchor bracket mounting kit (Cat. No. 8935).

1. Determine the proper site location for individual permanent installation.

2. Level the sampler using four leveling feet. Raise the sampler by turning 
the feet clockwise.

3. Locate the screws around the base of cabinet. The front and rear screws 
are used to mount the anchor brackets to the sampler.

4. Remove one screw from the cabinet. Slide the screw through the slot in 
the anchor bracket and tighten halfway.

Note: Install only one bracket at a time. The sampler may become unstable if multiple 
screws are removed at once.

5. With screw still loose, allow the anchor to drop down firmly in contact with 
mounting surface (floor, concrete, etc.)

6. Assemble the remaining three brackets.

7. Complete installation by securing the anchor brackets to the mounting 
surface as required for individual installation.

Note: A customer-supplied 7/16 bolt or stud is recommended to ensure secure 
mounting.

Figure 5 Anchor Bracket Mounting Kit
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2.4 Installing the Pump Tube in the Sensor Body

Note: Do not stretch the tubing in 
the sensor body, as this could affect 
the ability of the sensor to detect 
liquid through the pump tubing.

1. Remove the four screws on the pump cover. 

2. Remove the front cover of the pump housing. Remove the tubing. Locate 
the black dots on the tubing. The end of the tube that extends farthest 
beyond the black dot attaches to the stainless steel tubing connector. 

3. Install the pump tube in the pump housing so the black dots are visible 
just outside the pump body.

Note: You must use the proper 
length of silicone tubing in the pump 
body. An improper length can 
reduce the life of the tubing and 
pump rollers. Refer to Figure 6 for 
the correct length.

4. After inserting the new pump tube as shown, reinstall the front cover and 
secure it with the four screws until finger tight.

5. Make sure that the tubing extends through the liquid sensor and out of the 
controller as shown in Figure 7.

Figure 6 Pump Tube Loading 

Figure 7 Installing Pump Tube Through the Sensor Body

To Intake Tubing Connector

5 3/4 in. to Sample Fitting

11 5/8 in.
(Tubing in Pump)
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2.4.1 Attaching the Intake Line

Attaching the Vinyl Tubing
The connection kit (Cat. No. 2248) contains two identical assemblies, one for 
connecting vinyl tubing to the tubing attached to the sampler, and the other for 
connecting the vinyl tubing to an intake strainer or remote pump. The kit 
contains four hose clamps and two stainless steel tubing connectors.

1. Push one end of the tubing connector into the vinyl tubing attached to the 
controller until the tubing abuts the shoulder of the tubing connector. 
Secure with a tubing clamp (Figure 1).

2. Push the other end of the tubing connector into the vinyl tubing until the 
tubing abuts the shoulder of the tubing connector and secure with a 
tubing clamp (Figure 1).

3. Repeat Step 1 and Step 2 for the fitting that connects the vinyl tubing to 
an intake strainer or a remote pump.

Figure 1 3/8” Vinyl Tubing Connector

Attaching the Teflon®-Lined Tubing 
The Connection Kit for Teflon-lined Tubing (Cat. No. 2186) contains two 
identical assemblies, one for connecting the Teflon-lined tubing to the 
stainless steel tubing connector and the other for connecting the Teflon-lined 
tubing to the intake strainer. The kit contains six clamps, two lengths of 
silicone tubing, and two stainless steel barbed fittings.

To connect the Teflon-lined tubing follow the instructions and Figure 2 below:

1. Place the Teflon-lined tubing over the tubing connector nipple until it abuts 
the shoulder of the tubing connector and secure with a tubing clamp.

2. Place one end of the silicone tubing over the wide end of the tubing 
connector and secure with a tubing clamp. 

3. Slide a second tubing clamp over the other end of the silicone tubing. 
Push the silicone tubing over the stainless steel fitting on the intake 
strainer and tighten the tubing clamp.

1. Vinyl tubing to controller 3. Tubing clamp (2 required)

2. Vinyl tubing to strainer or pump. 4. Stainless steel tubing connector
Page 26
Installing the Pump Tube in the Sensor Body



Section 2
4. Repeat the procedure for the fitting that connects the Teflon-lined tubing 
to the silicone pump tubing.

Figure 2 3/8″ ID Teflon-lined Tubing Attached to Intake Strainer and Tubing Connector 

2.4.2 Setting Up the Intake Line and Strainer

Note: If site conditions do not permit 
the intake to slope downward from 
the sampler to the sample source, 
disable the liquid sensors and 
calibrate the sample volume using 
the Timed Calibrate method when 
programming the sampler.

For each sampling location, the intake line should be as short as practical, 
and be free of any sharp bends, coils, or loops. Install the intake line with a 
downward slope from the sampler to the sample source because: 

• This will ensure the complete drainage of the intake line when it is 
air-purged before and after each sample, and will help to prevent 
cross-contamination of the individual samples. 

• Complete drainage is important in freezing conditions, as any liquid slugs 
that remain could freeze and plug the line. 

Place the sample intake and strainer in the mainstream of the sampling 
source, in an area of turbulent and well mixed flow.

Note: Vertical lift should not exceed 
27 ft. If your site requires more lift, 
you may purchase the Remote 
Pump Option. See Parts and 
Accessories on page 159.

Also, you must account for the vertical location of the intake. A position too 
near the surface may yield excess lighter materials, while a position too near 
the bottom may yield excess heavy materials. The constituents of interest 
must be considered when positioning the intake strainer.

1. Intake strainer 4. Stainless steel tubing connector

2. Tubing clamp (3 required) 5. Teflon-lined intake tubing

3. Two-inch piece of silicone tubing 6. Wide end of stainless steel tubing connector
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2.5 Choosing Bottle and Retainer Configurations
A broad range of bottle configurations is available for the 900 MAX All 
Weather Refrigerated Sampler.

Figure 3 Bottle Configurations
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Section 2
2.6 Setting Up the Bottles

2.6.1 One-Bottle Sampling
For single bottle composite sampling, install the Full Bottle Shut-off (refer to 
Section 2.8 on page 32) and place the bottle in the center of the bottle tray 
(Figure 9 on page 32). The Full Bottle Shut-off positions the sample tubing 
over the bottle mouth.

2.6.2 Two- and Four-bottle Sampling
For two-bottle sampling, install the distributor (refer to Section 2.7 on page 30) 
and place the bottles in the Bottle #1 and Bottle #2 positions in the tray as 
shown in Figure 4.

For four-bottle sampling, install the distributor and place all four bottles in the 
tray as shown in Figure 5.

Figure 4 Two-bottle Locations

Figure 5 Four-bottle Locations

2.6.3 Eight-, 12-, or 24-bottle Sampling
For eight-, 12- or 24-bottle sets, install the distributor (refer to section 2.7 on 
page 30). Place the bottles in the tray and install the proper bottle retainer 
(Figure 6).

Bottle #1 is the first bottle clockwise (looking down on the tray) from the right 
side of the tray. Bottle #1 is located on the inside of each bottle tray for all 
multiple bottle sets (Figure 6).

Single Bottle
Location

Two Bottle
Locations

Slots for Wire From
Bottle Tray
(8 or 24 Bottle)

Front

1

2

1, 2, or 4 Bottle
Locations

Slot for Wire From
Bottle Tray

(8 or 24 Bottle)

Front

2 3

1 4
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Figure 6 Eight-, 12-, or 24-bottle Configuration

2.7 Installing the Distributor

Note: Make sure the sampler is 
powered off before removing or 
installing the distributor. 

For multiple bottle sampling, a motorized arm (Distributor) is provided to 
automatically position the sample tube over the proper bottle. The 
microprocessor-controlled distributor arm can automatically locate two, four, 
eight, 12, or 24 discrete bottles.

To install the distributor:

1. Locate the two slots along one edge of the distributor assembly base 
plate (Figure 8). Slide the distributor assembly, slots first, under the 
shoulder screws located on the top inside surface of the controller 
section.

2. When fully seated, hand tighten the knurled thumbscrew to hold the 
distributor in place.

3. To ensure the arm has sufficient freedom of movement, hand-rotate the 
arm to the opposite end of the Arm Stop.

4. Install the silicone distributor tubing to the sample fitting on the top 
underside surface of the controller housing.

Note: Do not force the arm past the Arm Stop clip. The Arm Stop keeps the arm from 
being rotated more than 360 degrees. This keeps the distributor tubing from kinking.

The distributor tubing should be installed so that the end of the tubing extends 
out of the nozzle end of the distributor arm no more than 1/8 in. (Figure 7). Do 
not let the tubing extend more than 1/8 in. past the nozzle end of the arm.

Distributor

Retainer

Bottles and Bottle Tray
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2.7.1 Distributor Arm Alignment
1. Program the sampler for 24-bottle operation.

2. Press the START PROGRAM key to set the distributor shaft to the 
Bottle #1 position.

3. Place the arm on the distributor shaft and align the rib on the inside wall of 
the control housing skirt.

4. Secure the arm to the shaft by tightening the 1/8 in. hex-head screw, 
located on the distributor arm.

Figure 7 Distributor Tubing in Arm

Figure 8 Distributor Installation

Nozzle End (1/8 in. max)

Distributor Shaft

Shoulder
Screws

Distributor
Assembly
Distributor
Arm

Thumbscrew
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2.8 Installing the Full-Bottle Shut-Off Device
1. Install the rubber grommet into the hole provided in the cap of the 

composite bottle.

2. Slide the Full Bottle Shut-Off, float first, into the bottle through the center 
of the grommet.

3. Insert the Full Bottle Shut-Off connector into the receptacle (Figure 9). 

Figure 9 Full Bottle Shut-off Installation

2.9 Power Connections

Note: Install the 900 MAX Sampler 
on its own circuit to ensure a 
continuous, stable source of power.

The sampler refrigerator operates on a 120 V ac (100 and 230 V ac optional). 
The controller requires 12 V dc which is supplied via an internal ac/dc power 
converter. The unit may be ordered with a 3-prong ac power cord or with a 
conduit connection suitable for a junction box and hard-wire permanent 
installation. 

Important: Whenever electricity is present, there is a possibility of electrical 
shock. Before connecting the sampler to an ac power source, take the 
following safety precautions:

1. Check the power source to make sure that it satisfies the ac power 
requirements of the sampler.

2. Make sure that all electrical installations and connections are in 
accordance with national and local electrical codes.

3. Before performing any maintenance, disconnect the sampler from the 
power source.

4. Do not attempt to make any connection or otherwise handle the electrical 
components of the sampler when connected to ac line power if the 
immediate area is wet, or if hands or clothing are wet.

5. If the circuit breaker or fuse in the ac power source is tripped, determine 
the cause before restoring power to the sampler.

6. Make sure the power circuit is grounded and protected with a Ground 
Fault Interrupter (GFI).

Full Container
Shut-Off
(Cat. No. 8847)

Distributor
Assembly
Distributor
Arm
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2.10 Auxiliary Receptacle Pin Identification

2.10.1 Splitter Interface
Use the Splitter Interface (Cat. No. 939) when more than one of the signals 
listed above are needed simultaneously. Connecting the interface to the 6-pin 
connector on the sampler provides three additional connectors. Two or more 
interfaces may be connected in series to allow for additional connections.

Figure 10 Splitter Interface

Pin A/White (12 V dc) Powers an external device or flow meter. Must be used in conjunction with Pin B (ground).

Pin B/Blue (Ground) Connected to dc ground and is isolated from the earth ground found in the ac power line.

Pin C/Yellow (Pulse Input)

With the sampler in Flow Proportional mode and connected to an external flow meter, a 5 to 
12 V dc input pulse lasting at least 25 milliseconds will cause the sampler to decrement one 
count. The 12 V dc line found on Pin A can be used directly with a simple contact closure to 
Pin C or an external 5 to 12 V dc pulse may be applied providing the ground side of the 
external signal is connected to the sampler ground at Pin B. This count is actuated at the 
beginning of the input signal (the leading edge of the pulse).

Pin D/Black 
(Liquid Level Actuator/ 
Auxiliary Control Input)

This line is held at 5 V dc inside the sampler. When shorted to ground (Pin B), a signal is sent 
to the microprocessor inside the sampler causing it to “wake up” and begin or resume its 
sampling program. It can be used in conjunction with a simple level float to actuate the 
sampler when liquid is present or to take over after a second sampler has finished its 
program. It may also be used with any device (such as a pH meter) that produces a dry 
contact output to control the sampler in response to some user-defined condition (i.e. high or 
low pH); must be used in conjunction with Pin B.

Pin E/Red (Special Output) Normally at 0 V dc, this line goes to 12 V dc upon any of the selected events. 

Pin F/Green 
(Program Complete Output)

Normally an open circuit, this line switches to ground for 90 seconds at the conclusion of the 
sampling program. Used to “wake up” another sampler to take over sampling or to signal an 
operator or data logger upon the completion of the sampling program. This pin is also used to 
signal the bottle full condition in a single bottle/continuous mode, and will transmit the bottle # 
to a 950 Flow Meter if the program complete signal is disabled.

A

B

CD

E

F
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2.11 Thermal Control
The thermal control port is used to connect the sampler controller to the 
Power Supply/Thermal Control Box located inside the sampler back cover of 
the unit. This port carries all temperature measurement, refrigeration, and 
heating control signals.

Table 1 Thermal Control Pin Assignments

Pin Signal Description Wire Color

A TS-1 Orange

B TS-2 Brown

C TS-3 Yellow

D Heat Black

E V AD+ Red

F AD Ref Green

G Evaporator Heater Purple

H Compressor Fan Gray

J A Ground Blue

K Ground White
Page 34
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OPERATION

DANGER
Handling chemical samples, standards, and reagents can be dangerous. Review the necessary Material 
Safety Data Sheets and become familiar with all safety procedures before handling any chemicals.

DANGER
La manipulation des échantillons chimiques, étalons et réactifs peut être dangereuse. Lire les Fiches de 
Données de Sécurité des Produits (FDSP) et se familiariser avec toutes les procédures de sécurité avant 
de manipuler tous les produits chimiques.

PELIGRO
La manipulación de muestras químicas, estándares y reactivos puede ser peligrosa. Revise las fichas 
de seguridad de materiales y familiarícese con los procedimientos de seguridad antes de manipular 
productos químicos.

GEFAHR
Das Arbeiten mit chemischen Proben, Standards und Reagenzien ist mit Gefahren verbunden. Es wird dem 
Benutzer dieser Produkte empfohlen, sich vor der Arbeit mit sicheren Verfahrensweisen und dem richtigen 
Gebrauch der Chemikalien vertraut zu machen und alle entsprechenden Materialsicherheitsdatenblätter 
aufmerksam zu lesen.

PERICOLO
La manipolazione di campioni, standard e reattivi chimici può essere pericolosa. La preghiamo di prendere 
conoscenza delle Schede Techniche necessarie legate alla Sicurezza dei Materiali e di abituarsi con tutte 
le procedure di sicurezza prima di manipolare ogni prodotto chimico.



Section 3 Basic Programming Setup

3.1 Initial Power-Up of Sampler
After pressing the ON key, the 900 MAX Sampler performs a complete 
diagnostic test and displays the menu shown when the unit was last turned 
off. Set the instrument’s programming features when the Main Menu is 
displayed. The Main Menu is the starting point for all programming operations. 
The Main Menu offers four choices:

• Setup—Basic and Advanced Sampling programming

• Status—Lists all current sampling status, power supply voltage, and 
values of any data channels that are enabled.

• Display Data—Shows graphs and tables of logged data
(Displaying Data on page 123)

• Options—Optional Device Programming

Setup and Option functions lead to sub-menus and will configure the basic 
and advanced features of the sampler. Refer to the Quick Start Guides on 
page 115. The Display Data and Status Menus lead to sub-menus and will 
provide information only. Press the STATUS soft key to display any data 
channels that have enabled logging (flow, pH, temp., etc.)

3.2 Basic Programming Setup
Basic programming setup must be performed, step-by-step and in its entirety, 
after the instrument is installed. Refer to the Quick Start Guides on page 115 
for more information. The basic program setup will modify the following items:

In addition, several advanced sampling features are found on a sub-menu 
called Advanced Sampling. Refer to section 3.3 on page 50 for Advanced 
Sampling Basic Programming Setup.

To make changes to the program entries after the basic programming setup, 
press the MAIN MENU key and select SETUP>MODIFTY SELECTED ITEMS and 
highlight the program entry using the up and down arrow soft keys.

11:00 AM 21 - APR - 01 * MAIN MENU*

DISPLAY DATA SETUP

OPTIONS STATUS

READY TO START

• Bottles • Intake Tubing

• Program Lock • Program Delay

• Sample Collection • Sample Distribution

• Liquid Sensor • Sample Volume

• Intake Rinses • Sample Retries

• Site ID
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Section 3
To review all information in the Setup and Option menus without worrying 
about accidentally changing the information. Use the Review All Items 
function to verify that the program is setup properly. For more information on 
this function refer to Review All Items on page 123.

1. Press the SETUP soft key from the Main Menu to prepare the 
instrument for use.

2. From the Main Menu select SETUP>MODIFY ALL ITEMS.

3. Press the ACCEPT soft key to begin setting up the Bottles.

Step 1 - Bottles
1-A. Enter the total number of sample bottles in the refrigeration 

compartment, using the numeric keypad.

Note: The bottles may be installed directly in the refrigeration compartment or in the 
removable bottle tray when using sets greater than four bottles.

1-B. Press the ACCEPT soft key to continue and move to the 
Bottle Volume menu.

11:00 AM 21 - APR - 01 * MAIN MENU*

DISPLAY DATA SETUP

OPTIONS STATUS

READY TO START

11:00 AM 21 - APR - 01 * MAIN MENU*

MODIFY
ALL ITEMS

REVIEW ALL 
ITEMS

MODIFY
SELECTED ITEMS

READY TO START

11:00 AM 21 - APR - 01 BOTTLES

ACCEPT NUMBER OF BOTTLES:

—

BACKUP
CLEAR
ENTRY

ENTER: 1, 2, 4, 8, 12, OR 24
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1-C. Enter the bottle volume using the numeric keypad and select gallons or 
milliliters using the CHANGE UNITS soft key.

1-D. Press the ACCEPT soft key and continue to Intake Tubing.

Step 2 - Intake Tubing

2-A. Enter the intake tube length of the intake tubing attached to the 
sampler, using the numeric keypad. Length values from 100 to 3000 cm 
(3 to 99 ft) are valid. Change the measurement unit using the 
CHANGE UNITS soft key.

Note: Intake tube length affects sample volume accuracy, cut the tubing to the nearest 
whole foot. Avoid excessively long tubing runs. Doubling the intake tubing length can 
quadruple the pump tubing wear if intake rinses or sample retries are enabled. Always 
locate the sampler close to the sample liquid source to minimize tubing, pump, motor, 
and gearbox maintenance.

2-B. Press the ACCEPT soft key to move to the Intake Tube Type menu.

2-C. Select the type of intake tube (3/8 in. Vinyl, ¼ in. Vinyl, 3/8 in. Teflon®) 
using the CHANGE UNITS soft key.

2-D. Press the ACCEPT soft key to select the intake tube type and continue 
with Program Lock.

Step 3 - Program Lock

Note: The program lock password is 
configured at the factory as “9000” 
and cannot be changed.

Enabling the Program Lock will provide a protective “password” which will 
keep unauthorized personnel from tampering with the instrument keypad.

3-A. Select Enable or Disable Program Lock using the CHANGE CHOICE 
soft key. 

Note: When program lock is enabled and a user attempts to make a change in the 
program, a screen will ask the operator to enter the password. The operator must enter 
9000 and press the ACCEPT soft key.

3-B. Press the ACCEPT soft key to continue the basic program setup and 
continue with Program Delay.

11:00 AM 21 - APR - 01 BOTTLES

ACCEPT
BOTTLE VOLUME

CHANGE
UNITS

— —

BACKUP
CLEAR
ENTRY

ENTER: 0.500—99.90

11:00 AM 21 - APR - 01 INTAKE TUBING

ACCEPT
INTAKE TUBE LENGTH:

CHANGE
UNITS

_____

BACKUP
CLEAR
ENTRY

ENTER: 3—99
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Step 4 - Program Delay

Note: If both Setpoint Sampling and 
Program Delay are enabled, the 
program delay is evaluated first, 
prior to any checking for 
setpoint conditions.

4-A. Select Enable or Disable Program Delay using the CHANGE CHOICE 
soft key. Enabling the Program Delay will cause the sampling program 
to delay starting until a user specified time and day of week are 
programmed.

4-B. After enabling the program delay, enter the time and day of week that 
the program will begin. Use the soft keys to change the day of week as 
well as the AM/PM indicator. 

4-C. Press the ACCEPT soft key to continue with Sample Collection.

Step 5 - Sample Collection
5-A. Select the type of sample collection; Time Proportional, 

Flow- Proportional Constant Volume, Variable Time (CVVT), or 
Flow-Proportional Constant Time, Variable Volume (CTVV).

Timed-Proportional Sampling Intervals
When the program starts, a sample is taken immediately or delayed until after 
the first interval has elapsed. Select either, Take First Sample Immediately or 
After the First Interval. 

Timed-Proportional samples are taken each time a user defined time interval 
has elapsed. Samples can be continually taken at that interval until the 
completion of the program.

a. From the Sample Collection menu, press the CHANGE CHOICE soft 
key until Timed Proportional is displayed. Press the ACCEPT soft key 
to continue.

11:00 AM 21 - APR - 01 PROGRAM DELAY

ACCEPT
START PROGRAM:

CHANGE
AM/PM

00:00 AM MON

CLEAR 
ENTRY

CLEAR
DAY

(USE THE NUMERIC KEYPAD)

11:00 AM 21 - APR - 01 SAMPLE COLLECTION

ACCEPT
SAMPLE COLLECTION

CHANGE
CHOICE

_______________

BACKUP

CHOICES: TIMED, FLOW PROPORTIONAL 

11:00 AM 21 - APR - 01 SAMPLE COLLECTION

ACCEPT
SAMPLE COLLECTION

CHANGE
CHOICE

TIMED PROPORTIONAL

BACKUP

CHOICES: TIMED, FLOW PROPORTIONAL 
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b. Use the numeric keypad to enter the Interval Between Samples. 
Press the ACCEPT soft key to continue.

c. Select either Take First Sample Immediately or After The 
First Interval?

Note: When the program is started, the first sample is taken immediately upon 
pressing the start button or after the first interval has elapsed.

d. Press the ACCEPT soft key to continue to Sample Distribution.

Flow Proportional Constant Volume, Variable Time (CVVT)
CVVT sampling is a flow-proportional method of sampling. CVVT samples are 
taken when a user-defined flow volume occurs in the flow stream. This occurs 
when the sampler is programmed to take a sample every time a specified 
volume of flow occurs in the flow stream. Specified flow volume intervals can 
vary with the flow rate of the stream, therefore varied time intervals can occur 
when constant (fixed) volume occurs.

Flow volume is determined internally, by the optional integral flow meter or by 
an external flow meter. 

a. In the Sample Collection, press the CHANGE CHOICE soft key until 
Flow Proportional is displayed. Press the ACCEPT soft key.

11:00 AM 21 - APR - 01 SAMPLE COLLECTION

ACCEPT

INTERVAL:

CANCEL
00:00 (hrs:min) CLEAR

ENTRY

ENTER: 000:01—999.00 (hrs:min)

11:00 AM 21 - APR - 01 SAMPLE COLLECTION

ACCEPT
TAKE FIRST SAMPLE:

CHANGE
CHOICE

_______________

CANCEL

CHOICES: IMMEDIATE, AFTER 1st SAMPLE

11:00 AM 21 - APR - 01 SAMPLE COLLECTION

ACCEPT
CHANGE

UNITS

SAMPLE COLLECTION:

CANCEL
FLOW-PROPORTIONAL

ENTER: 1.00 - 99999999
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b. In the Flow Proportional menu, press the CHANGE CHOICE soft key 
until Constant Volume, Variable Time is displayed. Press the ACCEPT 
soft key. 

c. Select either Integral or External flow meter and press the 
ACCEPT soft key.

d. Enter the flow volume between samples using the numeric keypad 
and select a unit of measure using the CHANGE UNITS soft key, then 
press the ACCEPT soft key. Refer to Table 2 for flow unit choices.

e. Select Enable or Disable Timed Over-Ride using the CHANGE 
CHOICE soft key. Press the ACCEPT soft key to continue, then enter a 
time period using the numeric keypad.

Note: Select Timed Over-Ride if the flow rate drops to an unusually low value 
during flow-proportional sampling and if the sample is collected once an hour 
for example, even if the flow interval has not elapsed.

f. Select Take First Sample Immediately or After First Interval? 

11:00 AM 21 - APR - 01 FLOW PACING

ACCEPT
CHANGE
CHOICE

FLOW PACING MODE:

CANCEL
CONST VOL / VAR TIME

CHOICES: VAR T / CST VOL, CST T / VAR VOL

11:00 AM 21 - APR - 01 SAMPLE COLLECTION

ACCEPT
TAKE SAMPLE EVERY:

CHANGE
UNITS

1500 gal

CANCEL
CLEAR
ENTRY

ENTER: 1.00—99999999

Table 2 Sampler Pacing Flow Units

Abbreviation Volume

gal gallons

ltr liters

m3 cubic meters

af acre-feet

cf cubic feet

11:00 AM 21 - APR - 01 SAMPLE COLLECTION

ACCEPT
TIMED OVER-RIDE:

00:00 (hrs:min)

CANCEL
CLEAR
ENTRY

ENTER: 000:01 — 999:00 (hrs:min)
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Note: When the program is started, the first sample is taken immediately upon 
pressing the start button or after the first interval has elapsed.

g. Press the ACCEPT soft key to continue to Sample Distribution.

Flow Proportional Constant Time, Variable Volume Sampling (CTVV)
A Level-Velocity Sensor Input must be logged and electrically connected for 
the CTVV feature to work correctly. 

CTVV samples are taken at user-specified constant (fixed) intervals. However 
the actual volume of each sampling is based on the known average flow rate 
of the site, the actual metered flow rate for each specific interval, the total 
sample volume desired, the user-specified collection period, and the specified 
Sampling Interval. Depending on the flow volumes of a stream and various 
intervals within the Collection Period, the volume of individual sampling can 
vary. Also, the total sample collected during the entire period can carry slightly 
above or below the Total Volume Desired. For these reasons, the 
manufacturer advises using a sampling container that has a larger volume 
than the Total Volume Desired value. 

• Sample Distribution menus are not available when CTVV is selected.

• A level-velocity sensor input must be logged and electrically connected for 
the CTVV feature to correctly work.

• The Flow Pacing Mode menu within the Flow Proportional menus 
sequence will not remember the previous setting whenever you re-enter 
this menu, it will revert to the CVVT default. When re-entering this menu, 
press the CHANGE CHOICE soft key to select the sampling method, 
CVVT or CTVV.

Example: 
This is an example of how the instrument determines sample volume, based 
on user inputs and actual metered flow volume. 

The user entered values are the following: 

• Average Flow Rate (historical, site specific): 150 gph

• Sampling Interval: 2 minutes

• Total Sample Volume Desired: 1500 mL

• Collection Sampling Period: 30 minutes

Calculation 1: Total Number of Samples

11:00 AM 21 - APR - 01 SAMPLE COLLECTION

ACCEPT
CHANGE
CHOICE

TAKE FIRST SAMPLE:

_______________

CANCEL

CHOICES: IMMEDIATE, AFTER 1st SAMPLE

Sample Period
Sampling Interval
---------------------------------------------- 30 min.

2 min.
------------------- 15 samples total within specified period= =
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Calculation 2: Average Sample Volume

Calculation 3: Sample’s Volume per unit of Flow Rate

Calculation 4: Actual Sample Volume to be Collected

a. In the Sample Collection menu, press the CHANGE CHOICE soft key 
until Flow Proportional is displayed. Press the ACCEPT soft key. 

b. In the Flow Pacing menu, press the CHANGE CHOICE key until 
Const Time/Var Vol appears. Press the ACCEPT soft key. 

c. In the Average Flow Rate menu use the numeric keypad to enter the 
known historical Average Flow Rate for a particular site. 

d. In the Interval menu use the numeric keypad to enter the time interval 
between sample collections. Press the ACCEPT soft key.

Total Sample Volume Desired
Total Number of Samples

-------------------------------------------------------------------------------- 1500 mL
15 samples Total
--------------------------------------------- 100 mL/sample= =

Avg. Sample Volume
Avg. Flow Rate

-------------------------------------------------------- 100 mL/Sample
150 gph

------------------------------------------ 0.7mL/gph= =

Sample Volumes per unit of Flow Rate Actual metered Flow Rate×

0.7 mL/gph 150 gph× 105 mL for this sample interval=

11:00 AM 21 - APR - 01 SAMPLE COLLECTION

ACCEPT
CHANGE

UNITS

SAMPLE COLLECTION:

CANCEL
FLOW-PROPORTIONAL

ENTER: 1.00 - 99999999

11:00 AM 21 - APR - 01 FLOW PACING

ACCEPT
CHANGE
CHOICE

FLOW PACING MODE:

CANCEL
CONST TIME/ VAR VOL

CHOICES: VAR T / CST VOL, CST T / VAR VOL

11:00 AM 21 - APR - 01 CONST TIME/ VAR VOL

ACCEPT AVERAGE FLOW RATE:

150.00 gph

CANCEL
CLEAR
ENTRY

ENTER: 1.00—99999999

11:00 AM 21 - APR - 01 CONST TIME/ VAR VOL

ACCEPT INTERVAL:

0:02 (hrs:min)

CANCEL
CLEAR
ENTRY

ENTER: 1.00—999:00 (hrs:min)
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e. In the Total Volume Desired menu use the numeric keypad to enter 
the total volume of the sample. Press the ACCEPT soft key.

f. In the Collection Period menu use the numeric keypad to enter the 
time period for collecting samples. 

g. Press the ACCEPT soft key to continue to Sample Distribution.

Step 6 - Sample Distribution
Sample distribution describes the way samples are deposited in a bottle(s). 
Several bottle combinations are available with the 900 MAX Sampler (Figure 3 
on page 28). Sample distribution is deposited into a single bottle or multiple 
bottles. Multiple bottle applications use a distributor arm to automatically aim 
the sample intake tubing into the proper bottle. Multiple bottle sets deliver 
each sample to all bottles or deliver each sample into individual bottles or a 
subset of bottles.

Single Bottle 

6-A. Select either Stop After Last Bottle or Run Continuously? Stop After 
Last Bottle mode stops the program when the sample is deposited into 
the last bottle. Run Continuously mode continues running until it is 
manually stopped. 

6-B. Press the ACCEPT soft key to continue to Liquid Sensor setup.

Multiple Bottle Sets
Multiple bottle applications use a distributor arm to automatically aim the 
sample intake tubing into the proper bottle. Multiple bottle sets deliver each 
sample to all bottles or deliver each sample into individual bottles or a subset 
of bottles.

11:00 AM 21 - APR - 01 CONST TIME/ VAR VOL

ACCEPT TOTAL VOLUME DESIRED:

1500 Ml

CANCEL
CLEAR
ENTRY

ENTER: 10—9999

11:00 AM 21 - APR - 01 CONST TIME/ VAR VOL

ACCEPT COLLECTION PERIOD

0:30 (hrs:min)

CANCEL
CLEAR
ENTRY

ENTER: 000:01—999:00 (hrs: min)

11:00 AM 21 - APR - 01 SAMPLE DISTRIBUTION

ACCEPT
RUN MODE:

CHANGE
CHOICE

RUN CONTINUOUSLY

CANCEL

CHOICES: CONTINUOUS, STOP AFTER LAST
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6-A. Select YES or NO for Deliver Each Sample to All Bottles.

If NO is selected:

a. Select Samples per Bottle or Bottles per Sample.

Example 1: Samples Per Bottle

• Bottles—8

• Sample Collection; Time-Proportional; Sampling Interval—30 min.

• Sample Distribution; Deliver Each Sample to All Bottles?— No
Samples Per Bottle— Yes
Number of Samples Per Bottle— 3

• Sample Volume—100 mL

Every 30 minutes a sample is initiated. A 100 mL sample is drawn into 
bottle #1, 30 minutes later a second sample is drawn into bottle #1, 
30 minutes later a third sample is drawn into bottles #1. Thirty minutes 
later the distributor arm advances to bottle #2 and a 100 mL sample is 
drawn into bottle #2. The sequence continues until all bottles are filled. 
Each bottle receives three samples before the distributor moves to the 
next bottle.

Example 2: Bottles Per Sample

• Bottles—4

• Sample Collection; Timed Proportional; Sampling Interval—30 min.

• Sample Distribution; Deliver Each Sample to All Bottles?—No
Bottles Per Sample—Yes
Number of Bottles Per Sample—2

• Sample Volume—1000 mL

Note: A high pressure air purge is 
automatically applied to the intake 
tube between each sample 
intake cycle. 

Every 30 minutes a sample cycle is initiated. A 1000 mL sample is drawn 
into the first bottle. the distributor arm immediately advances to bottle #2 
and a 1000 mL sample is drawn into the second bottle. Thirty minutes 
later, the distributor arm advances to bottle #3, and a 1000 mL sample is 
taken. The distributor arm immediately advances to bottle #4 and a 1000 
mL sample is drawn into the fourth bottle. The pattern continues each 
sample cycle with each set of two bottles receiving a sample each time.

b. Press the ACCEPT soft key to continue with Liquid Sensor setup.

If YES is selected:

Each time a sample is taken it is consecutively placed in all bottles. This 
allows for split samples.

11:00 AM 21 - APR - 01 SAMPLE DISTRIBUTION

ACCEPT
DELIVER EACH SAMPLE TO 
ALL BOTTLES?

CHANGE
CHOICE

CANCEL NO

CHOICES: YES, NO
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a. Select Stop After Last Sample or Run Continuously.

b. If Stop After Last Sample is chosen, enter the samples to collect 
using the numeric keypad.

Example 1: The following example creates four identical composite 
samples automatically if the sampler is programmed as follows:

• Bottles—4

• Sample Collection; Sampling Interval—30 minutes

• Sample Collection; Samples to Collect—25

• Sample Volume—100 mL

Every 30 minutes a sample is initiated and a 100 mL sample is drawn into 
the first bottle. The distributor arm advances to bottle #2 and 100 mL. 
sample is drawn into the second. This also occurs in bottles #3 and #4. 

Sampling will continue every 30 minutes until 25 samples are deposited. 
Once all samples are deposited the program will terminate. If Run 
Continuously is selected the sampling will restart automatically.

c. Press the ACCEPT soft key to continue to Liquid Sensor.

Step 7 - Liquid Sensor
The liquid sensor contains a pair of ultrasonic transducers which sense the 
presence of liquid inside silicone tubing. 

7-A. Select Enable or Disable Liquid Sensor using the CHANGE CHOICE 
soft key. 

Note: Sample retries cannot be 
enabled when the liquid sensor 
is disabled.

Enabling the Liquid Sensor
When the liquid sensor is enabled, the 900 MAX Sampler will perform
two duties: 

• It senses when liquid reaches the pump during an intake cycle. The pump 
then reverses to rinse the line, up to 3 times. 

• It senses the absence of liquid during a sample intake cycle if the intake 
tubing is plugged or if the water level has dropped below the level of the 
intake tube strainer. This initiates a Sample Retry if programmed

11:00 AM 21 - APR - 01 SAMPLE DISTRIBUTION

ACCEPT
RUN MODE:

CHANGE
CHOICE

RUN CONTINUOUSLY

BACKUP

CHOICES: CONTINUOUS, STOP AFTER LAST

11:00 AM 21 - APR - 01 SAMPLE DISTRIBUTION

ACCEPT

SAMPLES TO COLLECT:

BACKUP
2 CLEAR

ENTRY

ENTER: 1 — 999
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Disabling the Liquid Sensor/Timed Calibration
Disabling the liquid sensor turns the liquid sensor off. The sample volume is 
then metered using a timed method (Timed Calibration), instead of a 
sensed method.

7-B. Press the ACCEPT soft key to continue to Sample Volume.

Step 8 - Sample Volume

Note: The minimum sample volume 
is ten milliliters. 

When multiple bottles are selected in Bottle Per Sample mode all bottles in a 
subset receive a full sample volume. The volume is not divided among 
the bottles.

8-A. Enter the desired volume of each sample using the numeric keypad. 
Press ACCEPT soft key to continue to Intake Rinses.

Step 9 - Intake Rinses
9-A. Enter number of rinses using the numeric keypad.

Up to three intake rinses are enabled per sample cycle. After the sample 
cycle’s initial purge has been completed, the sample liquid is drawn in until it 
reaches the liquid sensor. The pump stops and purges the line before any 
liquid enters the bottle. This is repeated up to three times before the actual 
sample is taken and the line purged for the final time during that cycle.

Intake rinse can prevent cross contamination of samples. When the line is 
purged at the end of each sample cycle, a few droplets of sample liquid may 
cling to the inside walls of the tubing and the droplets are drawn in with the 
following sample. Intake rinses will condition the intake line with a source 
liquid that minimizes contamination from the previous sample. 

9-B. Press the ACCEPT soft key to continue to Sample Retries.

11:00 AM 21 - APR - 01 SAMPLE VOLUME

ACCEPT

SAMPLES VOLUME:

BACKUP
______ CLEAR

ENTRY

ENTER: 10 — 9999

11:00 AM 21 - APR - 01 INTAKE RINSES

ACCEPT

INTAKE RINSES:

BACKUP
0 CLEAR

ENTRY

ENTER: 0 — 3
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Step 10 - Sample Retries

Note: Excessive intake tube line 
lengths combined with multiple 
Intake Rinses and Sample Retries 
can increase the pump tube and 
drive train wear. Locate the sampler 
as close to the sample liquid source 
as possible to minimize wear and 
maintenance requirements.

10-A. Enter the number of Sample Retries using the numeric keypad.

Up to three sample retries are enabled per sample cycle. After the initial purge 
is completed, the sample liquid is drawn until it reaches the liquid sensor. 
If the sample liquid does not reach the sensor within a reasonable time 
(determined using the tubing length), the sample attempt is aborted, a purge 
is initiated and the first of up to three sample retries is attempted.

After three attempts and no sample liquid has been collected, the cycle is 
aborted, a Missed Sample is reported to the Sample History Log, and the 
sampler begins a new sample interval.

10-B. Press the ACCEPT soft key to continue to Site ID.

Step 11 - Site ID
11-A. Enter a site identification number of up to 8 digits. This Site ID will 

appear on all data printouts. This feature is useful when multiple sites 
are monitored using a single flow meter or if data readings from multiple 
flow meters are collected. 

11-B. Press the ACCEPT soft key. 

11-C. After Site ID is accepted the following menu will appear:

11-D. If NO, the basic setup program is complete. 

Note: To return to the Advanced Sampling options at a later time, from the Main Menu 
select, SETUP>MODIFY SELECTED ITEMS>PROGRAM ENTRIES. 

11:00 AM 21 - APR - 01 SITE ID

ACCEPT

SITE ID:

BACKUP
00000000 CLEAR

ENTRY

(USE NUMERIC KEYPAD)

11:00 AM 21 - APR - 01 ADVANCED SAMPLING

DO YOU WISH TO
ACCESS THE ADVANCED
SAMPLING FEATURES?

YES

NO

ENTER: 1 — 999
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4. Highlight Advanced Sampling and press the SELECT soft key. In the 
Advanced Sampling menu highlight the an item using the up and down 
arrows and press the SELECT soft key

11-E. If YES, continue to Advanced Sampling, section 3.3.

3.3 Advanced Sampling
Advanced sampling choices:

Step 12 - Program Complete Output
Program Complete Output sends a +12 V dc signal out Pin F of the Auxiliary 
Receptacle at the completion of the sampling program. This signal is also sent 
when a Full Bottle condition causes the program to complete. The Program 
Complete signal remains on (+12 V dc) for 61 seconds and then turns 
back off (0 V dc).

Program Complete Output is used for the following purposes:

• Multiple Sampler Operation. Samplers are arranged in a “Cascade” 
control where the first sampler signals a second sampler to start its 
program when the first sampler’s program is complete. This feature 
requires the second sampler to be programmed for external 
start operation.

• To interface to a PC to signal the end of the sampling program.

• To interface to a relay that trips a signal light in a control room to indicate 
that sampling is finished and samples are ready to be picked up.

12-A. From the Advanced Sampling menu highlight Program Complete using 
the up and down arrow soft keys. Press SELECT soft key to continue.

11:00 AM 21 - APR - 01 PROGRAM ENTRIES

SELECT

INTAKE RINSES
SAMPLE RETRIES
SITE ID

ADVANCED SAMPLING

RETURN

• Program Complete Output • Timed Bottle Sets

• Setpoint Sampling • Upset Sample

• Special Output • Variable Intervals

• Start/Stop Times • Variable Volumes

• Storm Water

11:00 AM 21 - APR - 01 ADVANCED SAMPLING

SELECT

PGM CMPLT OUTPUT

RETURN

SETPOINT SAMPLING
SPECIAL OUTPUTS
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12-B. Select Enable or Disable Program Complete using the 
CHANGE CHOICE soft key. 

12-C. Press the ACCEPT soft key to continue to Setpoint Sampling.

Step 13 - Setpoint Sampling
Setpoint sampling allows the control of an automatic liquid sampler from one 
of up to 14 sources. Setpoint sampling defines a set of limits that inhibit 
sampling until an upset condition occurs, causing the limits to exceed. 
Sampling is enabled only when the waste stream falls outside the setpoints.

13-A. Highlight Setpoint Sampling using the up and down arrow soft keys on 
the Advanced Sampling Menu. Press the SELECT soft key.

13-B. Select Enable or Disable Setpoint Sampling using the CHANGE CHOICE 
soft key. Press the ACCEPT soft key to continue.

13-C. Select either Start on Setpoint or Stop on Setpoint by pressing the 
CHANGE CHOICE soft key. Press the ACCEPT soft key to continue.

• Start on Setpoint will start a program when the setpoint condition is 
met. The program continues to run even if the condition falls back 
within the setpoint limits.

• Stop On Setpoint halts the program if the setpoint condition falls back 
within the setpoint limits and starts again if the limits are exceeded.

13-D. Highlight the desired channel to trigger from, then press SELECT.

13-E. Press either the HIGH CONDITION soft key or the LOW CONDITION 
soft key.

Note: Flow Rate of Change and Rainfall are signals that only increase and never 
decrease in value, therefore these signals do not require Low Condition.

The external control signal must be configured on the external equipment for 
the desired setpoint. An external control device must provide a dry contact 
and can include a float switch, push-button, external flow meter, etc. For 
interface connections refer to section 2.10 on page 33.

11:00 AM 21 - APR - 01 ADVANCED SAMPLING

SELECT PGM CMPLT OUTPUT

SETPOINT SAMPLING

RETURN

SPECIAL OUTPUTS
START/STOP TIMES

11:00 AM 21 - APR - 01 SETPOINT SAMPLING

SETPOINT CONDITION:
HIGH

CONDITION

LOW
CONDITION
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13-F. Select Enable or Disable the trigger point using the CHANGE CHOICE 
soft key. 

13-G. Select the desired high or low trigger point using the numeric keypad. 
Press the ACCEPT soft key continue. Refer to Table 3. 

13-H. Enter the Deadband value if required or, if programming Flow Rate Of 
Change or Rainfall, enter a time interval that the flow or rainfall change 
must take place (refer to section 6.4 on page 96).

13-I. Enter a delay when input is active. This delay will keep the program 
from starting until the end of the delay period. Using the numeric 
keypad, enter the delay in minutes and/or hours. Press the ACCEPT soft 
key to continue.

11:00 AM 21 - APR - 01 SETPOINT SAMPLING

ACCEPT SETPOINT SAMPLING:

HIGH TRIGGER POINT:

CANCEL
00000 in. CLEAR

ENTRY

(USE NUMERIC KEYPAD)

11:00 AM 21 - APR - 01 SETPOINT SAMPLING

ACCEPT SETPOINT SAMPLING

DEADBAND:

CANCEL
0.000 CLEAR

ENTRY

(USE NUMERIC KEYPAD)

11:00 AM 21 - APR - 01 SETPOINT SAMPLING

ACCEPT DELAY WHEN INPUT

BECOMES ACTIVE:

CANCEL
(hrs:min) CLEAR

ENTRY

(USE NUMERIC KEYPAD)

Table 3 Sampling Triggers and Settings

Channel Sampling Trigger Settings

1 Level High and/or Low Condition, Deadband

2 Flow High and/or Low Condition, Deadband

3 Flow Rate of Change High Condition within Time Interval

4 pH or ORP High and/or Low Condition, Deadband

5 Process Temperature High and/or Low Condition, Deadband

6 Rainfall High Condition within Timed Interval

7 Analog Input Channel 1 High and/or Low Condition, Deadband

8 Analog Input Channel 2 High and/or Low Condition, Deadband

9 Analog Input Channel 3 High and/or Low Condition, Deadband

10 Analog Input Channel 4 or DO High and/or Low Condition, Deadband
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Step 14 - Special Output
The Special Output is a +12 V dc signal that appears on Pin E of the Auxiliary 
Receptacle (refer to section 2.10 on page 33).

14-A. Highlight Special Output using the up and down arrow soft keys on the 
Advanced Sampling Menu. Press the SELECT soft key to continue.

14-B. Select Enable or Disable Special Outputs using the CHANGE CHOICE 
soft key. Press the SELECT soft key to continue.

14-C. If enabled, select After Each Sample, Only When Pumping, or From 
Rinse to Purge.

Bottle Number
If the Program Complete Output is disabled, then it is used in conjunction with 
this special Output to transmit the bottle number to the connected device.

The Special Output signal can be configured to activate during one of the 
following conditions:

• After Each Sample– One second pulse at the completion of each sample 
cycle. It signals an external datalogger or PC that a sample cycle was 
initiated. When this choice is enabled, the sample success/failure is also 
transmitted to the external datalogger by means of Pin F on the 
Auxiliary connector.

• Only When Pumping– During sample intake portion of cycle only, ignoring 
all purges and rinse cycles. Used for tipping solenoid or ball valves when 
sampling from a pressurized line. 

• From Rinse To Purge– During entire sample cycle, including all purge and 
rinse cycles. Used for tripping solenoid or ball valves when sampling from 
a pressurized line.

11 Analog Input Channel 5 or DO Temperature High and/or Low Condition, Deadband

12 Analog Input Channel 6 or Conductivity High and/or Low Condition, Deadband

13
Analog Input Channel 7 or Conductivity 
Temperature

High and/or Low Condition, Deadband

14 External Control Configured in External Equipment 

Table 3 Sampling Triggers and Settings (continued)

Channel Sampling Trigger Settings

11:00 AM 21 - APR - 01 ADVANCED SAMPLING

SELECT
PGM CMPLT OUTPUT
SETPOINT SAMPLING

SPECIAL OUTPUTS

RETURN

START/STOP TIMES
STORM WATER 
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Step 15 - Start/Stop Times
Start/Stop Times start and stop a program at pre-arranged times. For 
example, this feature can be used to run a program during weekdays and stop 
the program during weekends, restarting on the following Monday. It can also 
halt sampling for nighttime shutdowns.

Up to 12 Start and 12 Stop time entries can be set in any one program. Either 
a Start Time and Date or a Start Time and Day of the Week may be selected.

15-A. Highlight the Start/Stop Time choices on the Advanced Sampling menu. 
Press the SELECT soft key to continue. 

15-B. Select Enable or Disable Start/Stop Times using the CHANGE CHOICE 
soft key. Press the ACCEPT soft key to continue.

15-C. Press the CHANGE CHOICE soft key to select either Time/Date or 
Time/Weekday. Select Time/Date if the start and stop times cover 
longer than one week. Select Time/Weekday if the program repeats on 
a daily or weekly basis. 

15-D. Press the ACCEPT soft key to continue.

15-E. Enter the Start Time #1, press the ACCEPT soft key to continue. Enter 
Stop Time # and press the ACCEPT soft key to continue.

15-F. Continue entering Start and Stop times until finished. To exit and save 
entries, enter a blank time and date. Press the CLEAR ENTRY soft key 
and then press the ACCEPT soft key to continue to Storm Water.

11:00 AM 21 - APR - 01 ADVANCED SAMPLING

SELECT

PGM CMPLT OUTPUT
SETPOINT SAMPLING
SPECIAL OUTPUT

START/STOP TIMES

RETURN

STORM WATER
TIMED BOTTLE SETS

11:00 AM 21 - APR - 01 START/STOP TIMES

ACCEPT
PROGRAM START # 1

CHANGE
AM/PM

(TIME:DAY)

CLEAR
ENTRY

CHANGE
DAY

HIT CLEAR, THEN ACCEPT, AFTER LAST ENTRY

11:00 AM 21 - APR - 01 START/STOP TIMES

ACCEPT
PROGRAM STOP # 1

CHANGE
AM/PM

(TIME:DATE)

CLEAR
ENTRY

CHANGE
DAY

HIT CLEAR, THEN ACCEPT, AFTER LAST ENTRY
Page 54
Advanced Sampling



Section 3
Step 16 - Storm Water
EPA regulations for storm water discharges require monitoring of 
precipitation, flow, and water samples in order to assess the impact of storm 
or snow melt runoff on receiving waters. The manufacturer can help you 
create a storm water monitoring system that consists of a multiple bottle 
sampler, an external flow meter, and a tipping bucket rain gauge.

In addition to performing basic sampling routines, 900 MAX Samplers that are 
equipped with the storm water monitoring program have the following 
additional capabilities:

• The storm water sampling routine allows collection of automatic grab 
sample(s) at user-selectable timed intervals (up to 24 different intervals 
may be selected) during the storm's early stage or “first flush.” First flush 
grab and main program flow-weighted composite samples are 
automatically segregated. The first flush sample volume may be set 
independently of the sample volume for the flow-weighted composite.

• The special storm water program allows an external device to initiate the 
start of the sampling program. A dry contact closure across Pins B and D 
on the Auxiliary receptacle, held closed for at least 61 seconds, is 
required.

• When sampling with multiple bottles, the sampler can be programmed to 
collect one large “first flush” sample (or small multiple samples) at timed 
interval(s). The number of bottles segregated for the first flush sample is 
selectable. Concurrently, flow-weighted samples are collected from the 
beginning of the storm until all remaining bottle(s) are filled, or after a user 
selected time has elapsed.

• Storm water samplers are equipped with a special prerinse that occurs 
only with the first sample collection. This “one time only” rinse ensures a 
clean intake for installations that may remain dormant for extended 
periods, and extends battery life by eliminating the prerinse for 
subsequent samples.

16-A. Highlight Storm Water using the up and down arrow soft keys on the 
Advanced Sampling Menu. Press the SELECT soft key to continue.

16-B. Select Enable or Disable Storm Water using the CHANGE CHOICE soft 
key. Press the ACCEPT soft key to continue.

11:00 AM 21 - APR - 01 ADVANCED SAMPLING

SELECT

SETPOINT SAMPLING
SPECIAL PUTPUT
START/STOP TIMES

STORM WATER

RETURN

TIMED BOTTLE SETS
UPSET SAMPLE
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16-C. Select a Start Condition using the CHANGE CHOICE soft key.

• Rain

• Level

• Rain or Level (either condition must be met for the program to begin)

• Rain and Level (both conditions must be met for the program 
to begin)

• Immediate (program starts as soon as the RUN key is pressed, a start 
condition is not required)

• External Trigger (program starts when signaled by an external device 
at least 61 seconds through the Auxiliary connector. No start 
condition is required).

16-D. Enter the Start Condition Limits. Rainfall times will depend on the 
historical rainfall in a specific area. Consult your state or an EPA 
regional office for details.

First Flush Bottles
First flush describes the initial storm water runoff. This runoff may contain 
higher concentrations of pollutants and is sequestered in separate bottles 
from the flow or time-weighted composite samples. 

a. Enter the number of bottles to set aside for the First Flush portion of 
the sampling program using the numeric keypad.

The number of first flush bottles will depend on the sample volume 
requirements in your NPDES permit.

b. Enter number of samples to collect using the numeric keypad.

Table 4 Start Condition Requirements

Rain Enter the amount of rainfall and the time period when it must fall.

Level Level Limit

Rain and Level Enter the amount of rainfall and the time period when it must fall, and desired level limit. 

Immediate No start condition required

External Trigger No start condition required

11:00 AM 21 - APR - 01 STORM WATER

ACCEPT FIRST FLUSH:

NUMBER OF BOTTLES:

CANCEL
1 CLEAR

ENTRY

ENTER: 1— 4

11:00 AM 21 - APR - 01 STORM WATER

ACCEPT FIRST FLUSH:

SAMPLER TO COLLECT:

CANCEL
6 CLEAR

ENTRY

ENTER 1 — 999
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c. Enter the first flush sampling interval. This is the time period between 
sample cycles. The first flush samples are usually collected within 
thirty minutes of the storm.

Variable time intervals may be entered or the same interval may be carried 
through the entire first flush. Pressing the FINAL ENTRY soft key carries the 
last displayed interval through the remainder of the first flush sampling period. 

d. Enter the first flush sample volume using the numeric keypad.

e. Select Enable or Disable Program Time Limit using the CHANGE 
CHOICE soft key. When enabled, the Program Time Limit will stop all 
sampling activity at the end of the time limit, however data logging will 
continue.

f. Enter the Program Time Limit. NPDES requirements typically ask that 
you monitor the first three hours of any given storm. If the flow volume 
was not as high as expected, flow-weighted sampling could continue 
for some time as flow rates drop off and sample intervals 
become longer.

g. Press the ACCEPT soft key to continue to Timed Bottle Sets.

Step 17 - Timed Bottle Sets
Timed Bottle Sets enables a single sampler to function like multiple samplers. 
With Timed Bottle Sets you can take a 24-bottle sampler and sample using 
the first 12 bottles on the first day and the second 12 bottles on the next day. 

When a subset of bottles is set aside for each user defined time interval the 
sampler will treat that subset as if it were the entire set. At the end of the time 
interval the sampler will switch to the next subset and continue sampling. 

11:00 AM 21 - APR - 01 SETPOINT SAMPLING

ACCEPT FIRST FLUSH

INTERVAL:

CANCEL
(hrs:min) CLEAR

ENTRY

ENTER: 000:00 — 999:00 (hrs:min)

11:00 AM 21 - APR - 01 STORM WATER

ACCEPT FIRST FLUSH:

SAMPLE VOLUME

CANCEL
100 mL CLEAR

ENTRY

ENTER 10 — 9999

11:00 AM 21 - APR - 01 SETPOINT SAMPLING

ACCEPT STORM WATER:

PROGRAM TIME LIMIT:

CANCEL
(hrs:min) CLEAR

ENTRY

ENTER: 000:01 — 999:00 (hrs:min)
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17-A. Highlight Timed Bottle Sets using the up and down arrow soft keys on 
the Advanced Sampling Menu. Press the SELECT soft key to continue.

17-B. Select Enable or Disable Timed Bottle Sets using the CHANGE CHOICE 
soft key. Press the ACCEPT soft key to continue.

17-C. Select a method for switching bottle sets. Select either clock time that 
switches bottle sets every 24 hours or select duration that sets the 
bottles sets in minutes and hours.

The number of bottles that were selected in bottles-per-sample mode are 
used as the bottle set size. Two bottles per-sample means two bottles per 
Timed Bottle Set.

17-D. Select Enable or Disable Continuous Mode using the CHANGE CHOICE 
soft key. If Continuous Mode is enabled the program will continuously 
run and switch bottle sets after every specified duration elapses, until 
manually stopped. If Continuous Mode is disabled, then the sampling 
halts when the last bottle set in the tray is full. 

17-E. Press the ACCEPT soft key to continue to Upset Sample.

Step 18 - Upset Sample
Upset Sampling analyzes the collected samples to determine when samples 
meet or exceed specified upset limits. The sampler will swing the distributor 
arm around to a sequestered set of bottles and grab an upset bottle. 

The upset sample bottles are always the last bottles in the tray. For example, if 
there are 24 bottles in the tray, 4 first flush bottles and 4 upset bottles, then the 
bottles assignment is 1–4 first flush, 5–20 main program, and 21–24 
upset samples. 

11:00 AM 21 - APR - 01 ADVANCED SAMPLING

SELECT

SPECIAL PUTPUT
START/STOP TIMES
STORM WATER

TIMED BOTTLE SETS

RETURN

UPSET SAMPLE
VARIABLE INTERVALS

11:00 AM 21 - APR - 01 TIMED BOTTLE SETS

ACCEPT
USE CLOCK TIME OR 

CHANGE
CHOICE

DURATION:

DURATION (hh:mm)

CANCEL
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Note: Unlike Setpoint Sampling, 
Upset Sampling can be enabled 
while the 900 MAX Sampler is 
performing a regular sampling 
program. There must be more than 
one bottle in the sampler to perform 
Upset Sampling.

Upset Samples are collected even when there are no more regular samples to 
be taken; when the status screen says Program Complete, but the bottom line 
of the display says Program Running.

Refer to the Quick Start Guides on page 115 for more setup information for 
individual channels.

18-A. Highlight Upset Sampling using the up and down arrow soft keys on the 
Advanced Sampling Menu. Press the SELECT soft key to continue.

18-B. Select Enable or Disable Upset Sampling using the CHANGE CHOICE 
soft key. Press the ACCEPT soft key to continue.

18-C. Press the CHANGE CHOICE soft key to select the desired channel to 
trigger from. Press the ACCEPT soft key to make the selection.

18-D. Press either the HIGH CONDITION soft key or the LOW CONDITION 
soft key.

• Flow Rate of Change and Rainfall are signals that only increase in 
value and do not require Low Condition.

• The external control signal (such as an external flow meter) must be 
configured in the external equipment for the desired setpoint.

18-E. Enter the desired high or low trigger point using the numeric keypad. 
Press the ACCEPT soft key to continue. 

11:00 AM 21 - APR - 01 ADVANCED SAMPLING

SELECT

START/STOP TIMES
STORM WATER
TIMED BOTTLE SETS

UPSET SAMPLING

RETURN

VARIABLE INTERVALS
VARIABLE VOLUME

11:00 AM 21 - APR - 01 UPSET SAMPLES

UPSET CONDITION:
HIGH

CONDITION

LOW
CONDITION

11:00 AM 21 - APR - 01 UPSET SAMPLES

ACCEPT UPSET SAMPLING:

HIGH TRIGGER POINT:

CANCEL
00000 in. CLEAR

ENTRY

(USE NUMERIC KEYPAD)
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18-F. Enter the Deadband value or, if programming for Flow Rate Of Change 
or Rainfall, enter a time interval when the flow or rainfall change must 
take place (refer to Alarm Relays Programming on page 98).

18-G. Enter the number of bottles (out of the total set) to set aside for upset 
samples. These will be the last bottles in the tray.

18-H. Select the method of distribution, Sample Per Bottle or 
Bottles Per Sample. 

18-I. Enter the sample volume using the numeric keypad. 

18-J. Press the ACCEPT soft key to continue to Variable Intervals. 

Step 19 - Variable Intervals

19-A. Highlight Variable Intervals using the up and down arrow soft keys on 
the Advanced Sampling Menu. Press the SELECT soft key to continue.

19-B. Select Enable or Disable Variable Intervals using the CHANGE CHOICE 
soft key. Press the ACCEPT soft key to continue.

11:00 AM 21 - APR - 01 UPSET SAMPLES

ACCEPT UPSET SAMPLING

DEADBAND:

CANCEL
0.000 CLEAR

ENTRY

(USE NUMERIC KEYPAD)

11:00 AM 21 - APR - 01 UPSET SAMPLES

ACCEPT UPSET SAMPLING:

NUMBER OF BOTTLES

CANCEL
2 CLEAR

ENTRY

ENTER 1 — 4

11:00 AM 21 - APR - 01 UPSET SAMPLES

ACCEPT UPSET SAMPLING

SAMPLE VOLUME:

CANCEL
0000 CLEAR

ENTRY

ENTER 10 — 9999

11:00 AM 21 - APR - 01 ADVANCED SAMPLING

SELECT

STORM WATER
TIMED BOTTLE SETS
UPSET SAMPLING

VARIABLE INTERVALS

RETURN

VARIABLE VOLUME
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19-C. Set sample intervals using the numeric keypad. Press the ACCEPT soft 
key to enter another interval or press the ACCEPT AS FINAL to return to 
the Advanced Sampling menu and continue to Variable Volumes.

Step 20 - Variable Volume

20-A. Highlight Variable Volume using the up and down arrow soft keys on the 
Advanced Sampling Menu. Press the SELECT soft key to continue.

20-B. Select Enable or Disable Variable Volume using the CHANGE CHOICE 
soft key. Press the ACCEPT soft key to continue.

20-C. Enter the Sample Volume counts using the numeric keypad. Press the 
ACCEPT soft key to return to the Advanced Sampling Menu.

11:00 AM 21 - APR - 01 ADVANCED SAMPLING

SELECT

TIMED BOTTLE SETS
UPSET SAMPLES
VARIABLE INTERVALS

VARIABLE VOLUME

RETURN
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Section 4 Sensor Setup

4.1 Downlook Ultrasonic Sensor
The 900 MAX All Weather Refrigerated Sampler uses a 40 kHz Downlook 
Ultrasonic Sensor. 

4.1.1 Downlook Ultrasonic Sensor Connection
The downlook ultrasonic sensor connection is located on the back side of the 
900 MAX All Weather Refrigerated cabinet. The gray rectangular box houses 
the ultrasonic module and the transducer connector labeled ULTRASONIC. 
The connector is keyed and can only be inserted in the proper orientation
(key up). 

4.1.2 Downlook Ultrasonic Sensor Programming
The downlook ultrasonic sensor does not require specific programming, 
unless more than one sensor option is connected to the sampler. When more 
than one sensor option is connected to the sampler:

1. From the Main Menu, select OPTIONS>LEVEL SENSOR.

2. Select Ultra-Sonic using the CHANGE CHOICE soft key, then press the 
ACCEPT soft key.

4.1.3 Downlook Ultrasonic Sensor Calibration
Calibrate the current water level via one of two methods; Liquid Depth or 
Sensor Height. An Invisible Range can also be set which allows the 
transducer to ignore reflections from obstructions between the sensor and the 
water surface, such as ladder rungs, channel side walls, etc. Each method 
has its own advantages and disadvantages; selecting the proper method will 
depend upon the site conditions. Calibrate the ultrasonic sensor each time the 
sensor is installed at a new site. 

4.1.3.1 Liquid Depth
This method requires the level or depth of liquid in the channel that is 
contributing to flow. In a round pipe, the entire depth typically contributes to 
flow. In a weir, only the depth that is flow over the weir plate contributes to 
flow. Many flumes have specific requirements. Level Depth calibration is 
primarily is used when:

• Access is available to the primary device for a physical measurement of 
the liquid depth, and

• When water is flowing during installation (channel is not dry).

Note: Always re-check the 
Level Adjust when re-installing the 
flow meter.

1. From the Main Menu, select OPTIONS>ADVANCED 
OPTIONS>CALIBRATION>ULTRASONIC SENSOR.

2. Select Calibrate U-Sonic using the up and down arrow soft keys. Press 
the SELECT soft key.

3. Select Standard as the type of Ultrasonic Transducer using the CHANGE 
CHOICE soft key. Press the ACCEPT soft key to continue.

Temperature Time Constant
The speed of sound in air varies with the temperature of the air. The ultrasonic 
sensor is equipped with temperature compensation to help eliminate the 
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effect of temperature variation under normal site conditions. The transducer 
must be equal to the ambient air temperature at the site prior to calibration for 
optimum results. The manufacturer also recommends that sensors be 
shielded from direct sunlight for this reason.

4. Enter the ambient air temperature at the transducer location. For optimum 
results, allow enough time (100 minutes) to ensure that the sensor is at 
equilibrium with the surrounding ambient temperature. Press the ACCEPT 
soft key to continue.

5. Select the Liquid Depth method and enter the new level.

6. Take a physical measurement of the liquid depth (level) and enter 
the value.

7. Press the ACCEPT soft key when finished.

4.1.3.2 Sensor Height
This method requires you to enter the distance between the face of the 
ultrasonic sensor and the zero flow point in the primary device. The zero flow 
point in a primary device is the level at which flow ceases. In a round pipe the 
zero flow point would typically be the invert or bottom of the pipe. In a V-notch 
weir the zero flow point occurs when the liquid behind the weir is level with the 
bottom of the ‘V’. (There would still be liquid behind the weir plate but it would 
not be contributing to flow). Sensor Height calibration is generally used when:

• Access to the primary device is difficult (such as confined space entry in a 
manhole) or

• There is no liquid flowing during installation of the flow meter.

1. From the Main Menu, select OPTIONS>ADVANCED 
OPTIONS>CALIBRATION>ULTRASONIC SENSOR.

2. Select Calibrate U-Sonic using the up and down arrow soft keys. Press 
the SELECT soft key.

3. Select Standard as the type of Ultrasonic Transducer using the CHANGE 
CHOICE soft key. Press the ACCEPT soft key to continue.

The speed of sound in air varies with the temperature of the air. The 
ultrasonic sensor is equipped with temperature compensation to help 
eliminate the effect of temperature variation under normal site conditions.

4. Enter the ambient air temperature at the transducer location. For optimum 
results, allow enough time (100 minutes) to ensure that the sensor is at 
equilibrium with the surrounding ambient temperature. Press the ACCEPT 
soft key to continue. 

5. Select the Sensor Height method and enter the new level.

6. Enter the distance from the face of the transducer to the zero flow point of 
the primary device.

7. Press the ACCEPT soft key when finished.
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4.1.3.3 Setting the Invisible Range
1. From the Main Menu, select OPTIONS>ADVANCED 

OPTIONS>CALIBRATION>ULTRASONIC SENSOR.

2. Select the Invisible Range option using the up and down arrow soft keys. 
Press SELECT to continue.

3. Enter the Distance to End of the Invisible Range using the numeric 
keypad. 

4. Select either inches or centimeters using the CHANGE UNITS soft key. The 
distance must be greater than the minimum deadband of 10 in. (25.4 cm) 
for the 75 kHz sensor and 15 in. (38.1 cm) for the 50 kHz sensor. 

5. Press ACCEPT soft key when finished. 

4.2 Submerged Area/Velocity Sensor
Submerged Area/Velocity Sensor utilizes a pressure transducer in conjunction 
with the Doppler method of velocity measurement to calculate flow in open 
channels. A small sensor containing both a transducer and velocity sensor is 
affixed in the flow stream. The instrument reads the pressure of the water and 
converts it to a level reading. The instrument then calculates the ‘wetted area’ 
of the flow stream utilizing the user centered channel shape. Once the wetted 
area and the velocity are known the following formula is used: 
Area x Velocity = Flow.

4.2.1 Submerged Area/Velocity Sensor Connection

Recommended Routing of Submerged Area/Velocity Cable
Proper routing of the cable serves two functions: 

• Keeps the in-line desiccant assembly inside the cover and out of the way 
when installing and removing the sampler from tight manholes.

• Keeps the desiccant out of direct contact with the elements. Also, keeps 
water from dripping directly onto the desiccant assemble.

To secure the submerged area velocity cable, route the cable around the 
battery and clip it under the battery hold downs.

Table 5 Submerged/Area Velocity Sensor Connection

Pin Signal Description Wire Color

A +12 V dc Red

B ground Green

C Receive (ground) B/W Shield

D Receive (+) B/W Center

E Transmit (ground) Black Shield

F Transmit (+) Black Center

G Depth (-) Black

H Depth (+) White
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4.2.2 Submerged Area/Velocity Sensor Programming

1. From the Main Menu, select OPTIONS>LEVEL SENSOR.

2. Select Submerged Xducer using the CHANGE CHOICE soft key, then 
press the ACCEPT soft key.

3. From the MAIN MENU, select SETUP>MODIFY SELECTED ITEMS.

4. Highlight Velocity Direction using the up and down arrow soft keys. Press 
the SELECT soft key to continue.

5. Set the velocity direction (upstream, downstream, or always positive) 
using the CHANGE CHOICE soft key. Press the ACCEPT soft key to 
continue.

6. Highlight Velocity Units using the up and down arrow soft keys. Press the 
SELECT soft key to continue.

7. Set the Velocity Units (fps or m/s), using the up and down arrow soft keys. 
Press the ACCEPT soft key to continue.

8. Highlight Velocity Cutoff, using the up and down arrow soft keys. Press 
SELECT to continue.

9. Read the Velocity Cutoff information screen. Press any key to continue.

10. Set the Velocity Cutoff using the numeric keypad. Press the ACCEPT soft 
key to continue.

11. Set the Velocity Default, using the numeric keypad. Press the ACCEPT 
soft key. Press the RETURN soft key to go back to the Setup Menu or the 
Main Menu key to return to the Main Menu display.

4.2.3 Submerged Area/Velocity Sensor Calibration
This calibration requires a graduated cylinder or bucket with at least 
16 cm (6 in.) of water and a ruler. Calibrating the Submerged Area/Velocity 
Sensor characterizes the 900 MAX Portable Sampler electronics to the 
unique characteristics of each individual sensor. In addition, the calibration 
compensates for any sensor drift that may occur over time (6 months or 
greater) as the materials in the sensor age.

The Submerged Area/Velocity Sensor is a pressure transducer that contains a 
stainless steel diaphragm. As the water pressure increases, (with increasing 
level in the flow stream) the diaphragm is deflected, or pushed, against a solid 
state device called a strain gauge. The strain gauge converts the pressure 
against the diaphragm to a voltage. As the level in the flow stream increases, 
so does the voltage coming from the Submerged Area/Velocity Sensor. The 
voltage is read by the microprocessor in the sampler at regular intervals and 
converted to a number that represents the level in the flow stream. 

The manufacturer recommends calibrating the submerged area/velocity 
sensor when:

• The sensor is first used.

• Installing a new or different sensor on a flow meter or input receptacle.
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Note: The data is constant if the 
difference between the level reading 
of the flow meter and the 
independent verification is constant; 
recalibration is not required.

• The difference between the level reading of the flow meter and the 
independent verification (measurement with a dipstick or ruler) 
is increasing.

1. From the Main Menu, select OPTIONS > ADVANCED OPTIONS > 
CALIBRATION > SUBMERGED PROBE.

2. Place the sensor flat on a table top or floor with the sensor (the plate with 
holes) facing down onto the surface (Figure 11). 

Note: Errors can occur with the flow 
meter level reading and the 
independent verification. Errors are 
caused by variation in site 
conditions and measurement 
abilities. These errors may cause 
slight changes in the difference, 
therefore, not indicating a true 
change in the difference.

3. Press any key to continue.

4. Place the sensor face up in the bucket or liquid. Tap lightly to remove air 
bubbles. If these bubbles are not removed you can receive false readings 
from the sensor during calibration (Figure 11).

5. Place the sensor face down under at least 16 cm (6 in.) of water and wait 
20 seconds. Make sure the water surface is calm and the sensor is stable. 

6. Press any key to continue.

Note: Always check the Level 
Adjust when reinstalling the sampler 
following a calibration. (See Keypad 
Description on page 17.)

7. Measure the depth from the bottom of the bucket to the surface of the 
water and enter the value using the numeric keypad (Figure 11). 

8. Press the ACCEPT soft key

Figure 11 Calibrating the Submerged Area/Velocity Sensor
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4.3 Submerged Pressure Sensor
The submerged pressure sensor contains a submerged pressure transducer 
that measures level in an open channel flow stream. 

The submerged pressure sensor is mounted in the flow stream at the proper 
location for level measurement. As the level in the channel increases and 
decreases, the pressure at the submerged sensor varies proportionately. The 
pressure transducer converts the water pressure to a voltage. The sampler 
uses the voltage to calculate the liquid level in the channel. After calculating 
the level, the sampler then converts the level reading to a flow rate based on 
the user-defined characteristics of the installed primary device.

The transducer in the submerged sensor first reads the pressure in the 
channel, then at regular intervals, switches to a reference port to compare it to 
the atmospheric pressure. This pressure difference is converted to a number 
which represents the liquid level. At regular intervals, both the pressure 
transducer diaphragm and the reference port are switched to atmosphere 
together. Then they are electronically zeroed to eliminate any drift due to 
changing barometric pressure.

4.3.1 Submerged Pressure Sensor Connection
The submerged pressure sensor connection is located on the left side of the 
controller housing and is labeled submerged pressure sensor. The connector 
is keyed and can only be inserted in the proper orientation (key up).

4.3.2 Submerged Pressure Sensor Programming

1. From the Main Menu, select OPTIONS>LEVEL SENSOR.

2. Select Submerged Xducer using the CHANGE CHOICE soft key, then 
press the ACCEPT soft key.

4.3.3 Submerged Pressure Sensor Calibration
To ensure optimum accuracy, calibrate the sampler approximately twice per 
year or when changing to a different submerged pressure sensor.

In sites where harsh conditions (extremes of level, temperature, harsh 
chemicals, etc.) calibration should be performed more often.

1. From the Main Menu, select OPTIONS > ADVANCED OPTIONS > 
CALIBRATION > SUBMERGED PROBE.

Table 6 Submerged Level Sensor Base Board Connection (J-21)

Pin Signal Description Wire Color

A V + Red

B Out + Yellow

C Out - Green

D Ground Black
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2. Choose the orientation that the sensor will be mounted in the flow stream, 
horizontal or vertical, using the CHANGE CHOICE soft key. Press the 
ACCEPT soft key to continue.

3. Lift the sensor out of the water and hold it in the air in the same orientation 
that you selected in the previous step (horizontal or vertical) (Figure 12). 
Then press the ACCEPT soft key to continue.

Figure 12 Lifting the Sensor Out of the Water

4. Follow either the vertical or horizontal procedure below.

Vertical Orientation Only

a. Place the sensor under at least 16 cm (6 in.) of water in a vertical 
orientation. Make sure the sensor is stable and not moving around. 
Then press the ACCEPT soft key to continue.

b. Carefully measure the depth (D1) from the surface of the water to the 
first weld mark that encircles the sensor body just above the breather 
vent holes (Figure 13). The weld mark indicates the location of the 
internal diaphragm.

c. Enter the depth (D1) using the numeric keypad then press the 
ACCEPT soft key when done.

Figure 13 Measuring Submerged Depth, Vertical Orientation
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Horizontal Orientation Only 

Note: Always check the Level 
Adjust when reinstalling the sampler 
following a calibration.

a. Place the sensor under at least 16 cm (6 in.) of water in a horizontal 
orientation. Make sure the sensor is stable and not moving around. 
Then press the ACCEPT soft key to continue.

b. Measure the depth from the bottom of the bucket to the surface of the 
water (D1) (Figure 14) and enter the value using the numeric keypad.   
Press the ACCEPT soft key to continue.

Figure 14 Measuring Submerged Depth, Horizontal Orientation

4.4 Thermal Sensor

The 900 MAX All Weather Sampler utilizes a unique refrigeration 
compartment thermal sensor which is encased in a thermal mass (you can 
see this thermal mass in the back right corner of the refrigerator 
compartment). This mass is designed to simulate the thermal characteristics 
of a typical liquid sample. When the refrigerator door is opened, warm air 
rushes in and displaces some of the cool air. When the door is shut, the 
refrigerator cools the interior air back to 4 °C again. 

The temperature of the sample is not affected as quickly as the temperature of 
the air. It takes time for a volume of water to change temperature. Since it is 
the sample we wish to keep at 4°C and not the air, the 900 MAX thermal 
sensor accurately simulates the sample so the controller can maintain the 
sample temperature exactly. Typical air sensing thermostats fight to maintain 
air temperature, not sample temperature and so are not as accurate or 
efficient at preserving samples.

4.4.1 Thermal Sensor Programming

1. From the Main Menu: OPTIONS>ADVANCED OPTIONS>CALIBRATION> 
THERMAL SETUP.

2. Enter the desired refrigeration compartment temperature in degrees 
centigrade from 2 to 10 °C. Typical sample preservation temperature 
is 4 °C.

4.4.2 Thermal Sensor Calibration

1. To verify the accuracy of the refrigerator compartment temperature which 
is indicated on the sampler controller display, place a laboratory grade 
thermometer into a beaker with 150 mL water into the right rear corner of 
the refrigerated compartment, and then close the refrigerator 
compartment door. 

2. Allow the refrigerator to run for 2–3 hours. This will ensure equilibrium 
between the temperature in the compartment and the water in the beaker.

D1
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3. Compare the temperature readout on the Status display (from the Main 
Menu press the STATUS soft key) with the temperature indicated on the 
thermometer. If the readings do not agree, it is necessary to calibrate the 
Reference Temperature Sensor. This cylindrical shaped sensor is located 
in the refrigerated compartment right rear corner, and is held in place by a 
clip bracket.

4. Shut off the sampler controller by pressing OFF button. 

5. Prepare an ice bath in a 500 mL beaker, using a 50/50 mix of crushed ice 
and water. 

6. Remove the Reference Temperature Sensor (RTS) from the bracket, and 
place the beaker next to the bracket. 

7. Place the sensor in the beaker/ice bath along with the lab grade 
thermometer.

8. With the sampler controller off and the door closed, wait approximately 30 
minutes for the reference sensor and lab thermometer to stabilize within 
the ice bath temperature. After waiting 30 minutes, mix (swirl) ice bath.

9. Turn on the controller by pressing the ON button. 

10. From the Main Menu, select OPTIONS> ADVANCED OPTIONS> THERMAL 
SETUP>THERMAL CALIBRATE. 

11. In degrees C, enter the reading indicated on the thermometer in the Ice 
bath, to the nearest one tenth degree. 

12. Press the ACCEPT soft key to continue. This completes the calibration 
procedure.

13. Reinstall the RTS. 
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This section describes how to setup a rain gauge to the Sampler as well as 
how to connect, program, and calibrate the optional water quality probes:

5.1 Rain Gauge
An external “tipping bucket” rain gauge (Cat. No. 2149) can be connected to 
the Rain Gauge connector of the sampler (Figure 15). The rain gauge 
provides a dry contact closure to the sampler.

As rainfall collects in the 20 cm (8 in.) diameter funnel, it is directed into one 
side of a “tipping bucket” assembly. As each bucket fills, it causes the bucket 
assembly to tip and empty out into the bottom of the rain gauge. Each tip of 
the bucket causes a single contact closure to the rain gauge and sends a 
short 12 V dc pulse into pin C of the Rain Gauge connector. Each pulse (tip) 
represents 0.025 cm (0.01 in.) of rain.

Figure 15 Rain Gauge Tipping Bucket

• Rain Gauge 
(section 5.1 on page 73

• Dissolved Oxygen Probe 
(section 5.4 on page 79)

• pH Probe
(section 5.2 on page 74)

• Conductivity Probe 
(section 5.5 on page 81)

• ORP Probe 
(section 5.3 on page 77)

Table 7 Rain Gauge Base Board Connections (J-5)

Pin Signal Description

A +12 V dc source output

B not used

C +12 V dc pulse input

D not used

E not used

F not used
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5.1.1 Rain Gauge Programming

1. From the Main Menu select OPTIONS>ADVANCED OPTIONS>DATALOG.

2. Highlight Select Inputs using the up and down arrow soft keys and then 
press the SELECT soft key to continue.

Note: If logging is enabled on any 
channel, then that channel will have 
an arrow in front of the channel 
name that signifies that the channel 
is logged.

3. Highlight Rainfall using the up and down arrow soft keys, then press the 
SELECT soft key.

4. Press the CHANGE CHOICE soft key to cycle between Logged and Not 
Logged, then press the ACCEPT soft key.

5. Enter a logging interval using the numeric keypad, then press the ACCEPT 
soft key. Valid logging intervals are shown on the status bar along the 
bottom edge of the display. 

6. Select Rainfall Units (in. or cm).

7. Select another channel to configure, or press the RETURN soft key to 
back up one step or press the MAIN MENU function key to return to the 
Main Menu. 

5.2 pH Probe 
The pH probes are shipped with a wetting cap that covers the probe tip. 
Remove the cap by turning it counter-clockwise and gently easing it off. Keep 
this cap for long-term probe storage. Rinse the probe tip with distilled water.

Store the probe in a pH 4.0 buffer (Cat. No. 2104) for both overnight and long 
term storage. Never store a probe in distilled or deionized water because this 
will deplete the probe filling solution.

5.2.1 pH Probe Connection
This connector is for installing the pH or ORP pre-amp interface junction box 
or a stand-alone temperature sensor. The pH probe is attached to a terminal 
strip in the junction box. The stand-alone temperature probe plugs directly into 
the receptacle on the case.

The pre-amplifier junction box is provided to allow for fast, easy replacement 
of the pH probe. 

Table 8 pH Connector Pin Assignments (J-3)

Pin Signal Description Wire Color

A +5 V dc White

B ground Blue

C reference Yellow

D pH/ORP Black

E -5 V dc Red

F RTD Green
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Figure 16 shows the wiring of the pH probe in the pre-amplifier junction box. 
Since the pH reading needs to compensate for temperature variation, a 
temperature sensor is built into every pH electrode. The pH probe consists of 
five wires, three for the pH probe and two for the temperature sensor. 

Stray electrical currents are sometimes found in wastewater stream. These 
stray electrical currents can affect the pH readings. In the case of stray 
electrical currents, a grounded pH probe is required (Figure 17). 

Figure 16 pH Probe Wiring to Junction Box (grounded)

Figure 17 pH Probe Wiring to Junction Box (un-grounded) 

5.2.2 pH Probe Programming
1. From the Main Menu, select OPTIONS>ADVANCED OPTIONS>DATALOG.

2. Highlight Select Inputs using the up and down arrow soft keys and then 
press the SELECT soft key.

3. Highlight pH using the up and down arrow soft keys, then press the 
SELECT soft key.

4. Press the CHANGE CHOICE soft key to cycle between Logged and Not 
Logged, then press the ACCEPT soft key.
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5. Enter a logging interval using the numeric keypad, then press the ACCEPT 
soft key. Valid logging intervals are shown on the status bar along the 
bottom edge of the display. 

6. Select another channel to configure or press the RETURN soft key to 
back up one step or press the MAIN MENU function key to return to the 
Main Menu display. 

5.2.3 pH Probe Calibration
Calibrate the pH probe after the pH probe is connected and programmed. 
Calibrating the pH probe requires a thermometer and any two of the following 
buffer solutions: 4, 7, or 10 pH. 

The pH probe is an application sensitive device. When used in harsh 
environments, the accuracy and life expectancy of pH probes can decrease 
considerably. Probes must be calibrated to the sampler each time they are 
cleaned or replaced. Regular inspection and comparison to a hand-held pH 
meter can help determine the optimum cleaning and calibration schedule for 
specific applications.

1. From the Main Menu, select OPTIONS > ADVANCED OPTIONS > 
CALIBRATION > pH.

2. Place the pH probe into the first buffer solution, then press any key 
to continue. 

3. Enter the temperature of the first buffer solution using the numeric 
keypad. Press the ACCEPT soft key to continue. 

4. Select the pH for the first buffer solution (4, 7, or 10 pH) using the 
CHANGE CHOICE soft key, then press the ACCEPT soft key to continue.

5. Remove the probe from the first buffer solution, rinse it under distilled 
water and place it into the second buffer solution (4, 7, or 10 pH, different 
from the first buffer used). Press any key to continue.

6. Select the pH for the second buffer solution using the CHANGE CHOICE 
soft key, then press the ACCEPT soft key to continue.

If the pH probe is damaged and cannot be calibrated or if the buffer 
solutions do not fall within an acceptable range, an error message will be 
displayed as shown below.

Another attempt at reading the second buffer solution will be made after 
pressing a key. If this fails, it is likely that you have a bad pH probe or bad 
buffer solutions. Try a new set of buffer solutions and if that fails try a 
different pH probe.

11:00 AM 21 - APR - 01 ERROR MESSAGE

pH CALIBRATION FAILED-GAIN
AND/OR OFFSET OUT OF RANGE

TRY AGAIN

(PRESS ANY KEY TO CONTINUE)
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5.3 ORP Probe
The probes are shipped with a wetting cap that covers the probe tip. Remove 
the cap by turning it counter-clockwise and gently easing it off. Keep this cap 
for long-term probe storage. Rinse the probe tip with distilled water.

Store the probe in a pH 4.0 buffer (Cat. No. 22834-49) for both overnight and 
long term storage. Never store a probe in distilled or deionized water because 
this will deplete the probe filling solution.

5.3.1 ORP Probe Connection
This connector is for installing the pH or ORP pre-amp interface junction box 
or a stand-alone temperature sensor. The ORP probe is attached to a 
terminal strip in the junction box. 

The ORP probe consists of three wires; a pink, black, and red wire. There is 
no temperature sensor on the ORP probe. Figure 18 shows the wiring of the 
ORP probe in the pre-amp interface junction box. 

Figure 18 ORP Probe Wiring to Junction Box

5.3.2 ORP Probe Programming

1. From the Main Menu, select OPTIONS>ADVANCED OPTIONS>DATALOG.

2. Highlight Select Inputs using the up and down arrow soft keys and then 
press the SELECT soft key to continue.

3. Highlight ORP using the up and down arrow soft keys, then press the 
SELECT soft key to continue.

Table 9 ORP Connector Pin Assignments (J3)

Pin Signal Description Wire Color

A +5 V dc White

B ground Blue

C reference Yellow

D pH/ORP Black

E -5 V dc Red

F RTD Green
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4. Press the CHANGE CHOICE soft key to cycle between Logged and Not 
Logged, then press the ACCEPT soft key to continue.

5. Enter a logging interval using the numeric keypad, then press the ACCEPT 
soft key. Valid logging intervals are shown on the status bar along the 
bottom edge of the display. 

6. Select another channel to configure or press the RETURN soft key to 
back up one step or press the MAIN MENU function key to return to the 
Main Menu. 

5.3.3 ORP Probe Calibration

5.3.3.1 ORP Preamplifier/Junction Box Calibration
Calibration of the ORP input circuit requires a source of dc voltage between 
500 and 2000 mV dc. The reference voltage must be applied to the ORP input 
terminals on the preamplifier/junction box during calibration. A regulated dc 
power supply or a standard “C” cell battery (1500 mV dc) make excellent 
sources for reference voltage.

1. From the Main Menu, select OPTIONS > ADVANCED OPTIONS > 
CALIBRATION > ORP.

2. Install the ORP junction box on the sampler with the ORP probe removed. 

3. Apply a positive reference voltage to the ORP probe terminals in the 
junction box, using either a 1.5 V dc “C” cell battery or a regulated 
power supply. 

4. Attach the positive battery terminal to the terminal block screw labeled 
“glass” and the negative battery terminal to the terminal block screw 
labeled “ref.”

5. After making all connections, measure the exact voltage on the “C” cell or 
power supply with a voltmeter. Then press a key to continue. The sampler 
displays the message “Waiting for ORP to Stabilize.” 

6. Once the reading is sufficiently stable enter a new millivolt level.   The “C” 
cell battery should be approximately 1500 mV (or 1.5 V) when new. Enter 
the exact voltage of the current source in millivolts using the numeric 
keypad. 

7. Press the ACCEPT soft key to store the new calibration values.

8. Disconnect the “C” cell battery or regulated power supply from the ORP 
input terminals.

9. Reconnect the ORP Probe leads to the input terminals.
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5.4 Dissolved Oxygen Probe

5.4.1 Dissolved Oxygen Probe Connection
This connection is for interfacing the optional D.O. probe to the 
D.O./Conductivity Pre-Amp (Cat. No. 3369).

Strain Relief Recommendation
It is recommended that a strain relief be used to protect the cable/probe 
junction during application where the sensor will be thrown or tossed 
into liquid.

5.4.2 Dissolved Oxygen Probe Programming
1. From the Main Menu, select OPTIONS>ADVANCED OPTIONS>DATALOG.

2. Highlight Select Inputs using the up and down arrow soft keys and then 
press the SELECT soft key.

3. Highlight D.O. using the up and down arrow soft keys, then press the 
SELECT soft key.

4. Press the CHANGE CHOICE soft key to cycle between Logged and Not 
Logged, then press the ACCEPT soft key.

5. Enter a logging interval using the numeric keypad, then press the ACCEPT 
soft key. Valid logging intervals are shown on the status bar along the 
bottom edge of the display.

6. Press the CHANGE CHOICE soft key to select the appropriate units 
(ppm, ppb, mg/L, sat). Press the ACCEPT soft key to continue.

7. Select another channel to configure or press the RETURN soft key to 
back up one step or press the MAIN MENU function key to return to the 
Main Menu.

5.4.3 Dissolved Oxygen Probe Temperature Programming
1. From the Main Menu, select OPTIONS>ADVANCED OPTIONS>DATALOG

2. Highlight Select Inputs using the up and down arrow soft keys and then 
press the SELECT soft key.

3. Highlight D.O. Temp. using the up and down arrow soft keys, then press 
the SELECT soft key.

4. Press the CHANGE CHOICE soft key to cycle between Logged and Not 
Logged, then press the ACCEPT soft key.

Table 10 D.O. Connections (J-20)

Pin Signal Description Wire Color

A DO - (neg) Green

B DO + (pos) Red

C Thermister Black

D Thermister Yellow
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5. Enter a logging interval using the numeric keypad, then press the ACCEPT 
soft key. Valid logging intervals are shown on the status bar along the 
bottom edge of the display.

6. Press the CHANGE CHOICE soft key to select the temperature units
(°C, °F). Press the ACCEPT soft key.

5.4.4 Dissolved Oxygen Probe Calibration
1. Connect a suitable power supply to the sampler.

2. Power up the unit by pressing the ON button.

3. From the Main Menu, select OPTIONS > ADVANCED OPTIONS > 
CALIBRATION > DO.

4. Enter the ambient air temperature (the current reading is displayed for 
reference) using the numeric keypad.

5. Enter the elevation above sea level for the specific location.

6. Enter the membrane thickness. The operation of the 900 MAX Sampler 
will be affected by the choice of membrane thickness for the oxygen 
sensor.

For general purpose applications, the 1 Mil thick membrane is standard. This 
membrane allows measurements in the 0 to 20 ppm range of dissolved 
oxygen and provides the best general purpose trade-off between response 
time and durability.

The 2 Mil thick membrane can be used to measure up to 40 ppm dissolved 
oxygen. Its increased thickness slows the response time of the sensor, but 
this membrane has increased resistance to cuts and tears. For this reason, it 
is recommended for use in wastewater aeration basins where solids in the 
water are in rapid motion.

7. Enter the chlorinity (salinity) of the flow stream (typical wastewater is zero, 
sea water is higher).

8. Place the D.O. probe in open air and press any key. The 900 MAX 
Sampler will wait for the reading to stabilize before storing the calibration 
value. The screen will automatically return to the calibration menu.

Note: The membrane of a charged sensor must be kept moist. If the membrane is 
allowed to dry completely, the electrolyte film between the membrane and the platinum 
will evaporate, destabilizing the sensor. If the sensor will be out of water for more than 
30 minutes, put a small amount of water in the silicon soaking cap, and install it over 
the protective guard. Lift the edge of the cap to break the seal as it is being removed. 
This will prevent a vacuum from forming inside the soaking cap while it is being 
removed which can result in the membrane becoming stretched.

Calibrating the D.O. Temperature
1. Place the probe and the thermometer in a liquid.

2. Wait for the temperature reading to stabilize.

3. Enter the actual temperature of the liquid.
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5.5 Conductivity Probe

5.5.1 Conductivity Probe Connection

5.5.2 Conductivity Probe Programming
1. From the Main Menu, select OPTIONS>ADVANCED OPTIONS>DATALOG.

2. Highlight Select Inputs using the up and down arrow soft keys and then 
press the SELECT soft key.

3. Highlight Conductivity (COND.) using the up and down arrow soft keys, 
then press the SELECT soft key.

4. Press the CHANGE CHOICE soft key to cycle between Logged and Not 
Logged, then press the ACCEPT soft key.

5. Enter a logging interval using the numeric keypad, then press the ACCEPT 
soft key. Valid logging intervals are shown on the status bar along the 
bottom edge of the display.

6. Press the CHANGE CHOICE soft key to select the appropriate units 
(ms, µs). Press the ACCEPT soft key to continue.

7. Select another channel to configure or press the RETURN soft key to 
back up one step or press the MAIN MENU function key to return to the 
Main Menu display.

5.5.3 Conductivity Temperature Programming
1. From the Main Menu, select OPTIONS>ADVANCED OPTIONS>DATALOG.

2. Highlight Select Inputs using the up and down arrow soft keys and then 
press the SELECT soft key.

3. Highlight Conductivity Temperature (COND. TEMP.) using the up and 
down arrow soft keys, then press the SELECT soft key.

4. Press the CHANGE CHOICE soft key to cycle between Logged and Not 
Logged, then press the ACCEPT soft key.

5. Enter a logging interval using the numeric keypad, then press the ACCEPT 
soft key. Valid logging intervals are shown on the status bar along the 
bottom edge of the display.

6. Press the CHANGE CHOICE soft key to select temperature units (°C, °F). 
Press the ACCEPT soft key. 

Table 11 Conductivity Probe Wiring (J-20)

Pin Signal Description Wire Color

A Probe Black

B Probe Red

C RTD White

D RTD Green 
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5.5.4 Conductivity Probe Calibration
1. From the Main Menu, select OPTIONS > ADVANCED OPTIONS > 

CALIBRATION > CONDUCTIVITY.

2. Clean and dry the probe.

3. Place the sensor and thermometer in the calibration solution 
(Cat. No. 3230). The temperature sensor is located in the middle of the 
sensor body allowing the probe to be completely submerged in 
the solution.

4. Allow the sensor to stabilize in the solution about 10 minutes to ensure 
that the probe and the solution are the same temperature.

5. Enter the temperature correction factor or enter zero (0) for no correction 
factor. 

Note: The temperature correction factor is used to compensate for the effects of 
temperature on the conductivity readings at the point of installation. The conductivity of 
a solution is temperature sensitive. Therefore the actual conductivity of the solution will 
change with the temperature. Each site may have a different correction factor 
depending on the major constituent of the flow stream. This is not used for calibration 
and has no effect on the calibration of the sensor. Below are some examples of 
compensation factors of various liquids.

• 0.96%/°C 5% Sulfuric Acid

• 1.88%/°C Dilute Ammonia

• 1.91%/°C ‘Typical’ Wastewater

• 1.97%/°C Potassium Chloride 

• 2.12%/°C Salt (Sodium Chloride)

• 2.84%/°C 98% Sulfuric Acid

• 4.55%/°C Ultra-pure Water

6. With the sensor still in the calibration solution, press any key. Wait for the 
sensor to stabilize. Calculate the actual conductivity of the calibration 
solution. If using the KCl solution provided by the manufacturer, make 
your selection from the calibration (refer to Table 12 on page 83). If using 
a solution other than 1.0 mS @ 25 °C KCl available from the 
manufacturer, you must calculate the conductivity of the solution using 
temperature correction factors. See the following example.

Example:

The KCl calibration solution is 1.0 mS. at 25°C. The temperature 
correction factor for KCl is 1.97%/°C. If the actual temperature of the KCl 
at the time of calibration is 18.4 °C, then the solution has a conductivity 
value of 0.870 mS. 

a. Find the difference between the labeled temperature and the actual 
temperature of the calibration solution at the time of calibration. 

25 °C – 18.4 °C = 6.6 °C

b. Multiply the difference (6.6) by the correction factor per °C (1.97% or 
0.0197).

6.6 °C x 0.0197/°C = 0.13002
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c. If the calibration temperature is lower than the labeled value, then 
subtract that value from the standard (1.0 mS) to get the actual value 
to be used for calibration.

1.0 mS - (correction factor) 0.13002 = 0.86998 mS

d. If the calibration temperature is higher than the labeled value, then 
add that value to the standard (1.0 mS) to get the actual value to be 
used for calibration.

7. Using the value that was calculated in step 6, enter the conductivity of the 
solution then press the ACCEPT soft key.

Calibrating the Conductivity Temperature
Necessary when logging temperature only.

1. Place the probe in a liquid. Wait for the temperature reading to stabilize.

2. Enter the actual temperature of the liquid (the current reading is shown
for reference). Temperature calibration is complete.

Table 12 Conductivity Values at Temperature for KCl Solution

 Solution 
Temp °C

Calibration Value 
to be Entered

 Solution 
Temp °C

Calibration Value 
to be Entered

 Solution 
Temp °C

Calibration Value 
to be Entered

30 1.099 25 1.000 20 0.902

29.8 1.095 24.8 0.996 19.8 0.898

29.6 1.091 24.6 0.992 19.6 0.894

29.4 1.087 24.4 0.988 19.4 0.890

29.2 1.083 24.2 0.984 19.2 0.886

29 1.079 24 0.980 19 0.882

28.8 1.075 23.8 0.976 18.8 0.878

28.6 1.071 23.6 0.972 18.6 0.874

28.4 1.067 23.4 0.968 18.4 0.870

28.2 1.063 23.2 0.965 18.2 0.866

28 1.059 23 0.961 18 0.862

27.8 1.055 22.8 0.957 17.8 0.858

27.6 1.051 22.6 0.953 17.6 0.854

27.4 1.047 22.4 0.949 17.4 0.850

27.2 1.043 22.2 0.945 17.2 0.846

27 1.039 22 0.941 17 0.842

26.8 1.035 21.8 0.937 16.8 0.838

26.6 1.032 21.6 0.933 16.6 0.835

26.4 1.028 21.4 0.929 16.4 0.831

26.2 1.024 21.2 0.925 16.2 0.827

26 1.020 21 0.921 16 0.823

25.8 1.016 20.8 0.917 15.8 0.819

25.6 1.012 20.6 0.913 15.6 0.815

25.4 1.008 20.4 0.909 15.4 0.811

25.2 1.004 20.2 0.905 15.2 0.807
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Communication setup details connections and programming features of the: 

6.1 RS232 Cable

6.1.1 RS232 Connection
The RS232 connector is a serial input/output port for communicating with a 
sampler from an external device such as a Data Transfer Unit (DTU-II) or 
direct serial connection to a personal computer running InSight® Gold 
Software. 

This port can be configured to communicate at 1200, 2400, 4800, 9600, 
or 19,200 baud.

Cable Required
RS232 Sampler/Flow Meter to PC Cable Assembly (Cat. No. 1727), 10’ long, 
6-pin connector on one end, 9-pin D connector on the other end (9-pin to 
25-pin D type adapter included).

6.1.2 RS232 Programming

1. From the Main Menu, select OPTIONS > ADVANCED OPTIONS > 
COMMUNICATIONS SETUP > RS232 SETUP. 

2. Select a baud rate for data communications by pressing the CHANGE 
CHOICE soft key to cycle through the possible choices; 1200, 2400, 4800, 
9600 or 19,200 baud. The higher the baud rate setting, the faster data will 
transfer. Set the baud rate to the highest setting allowed by the computer. 
The baud rate must correspond to the baud rate selected in the software. 
Press the ACCEPT soft key.

Note: Long runs of RS232 cable, especially if they are run near large motors or 
fluorescent lights can cause communication errors and may require a slower 
baud rate.

• RS232 Serial Port (section 6.1 on page 85)

• Optional Modem (section 6.2 on page 86)

• 4–20 mA Interface (section 6.3 on page 93)

• Alarm Relays (section 6.4 on page 96)

• Analog Inputs (section 6.5 on page 100)

Table 13 RS232 Connection

Pin Signal Description Wire Color

A not used White

B ground Blue

C DSR Yellow

D RCD Black

E DTR Red

F TXD Green
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Note: Some early generation IBM compatibles may have a serial port that is not 
capable of communicating reliable at 19,200 baud. If errors develop at high baud rates, 
try lowering the baud rate one step at a time (on both the 900 MAX Sampler and 
Streamlogg II™, InSight®, Vision®, or Insight® Gold software) until error free 
communications is achieved.

6.2 Modem

6.2.1 Modem Connection
This connection is for interfacing the optional internal modem (Cat. No. 1602) 
with a standard public telephone line.

6.2.2 Modem Programming

1. From the Main Menu, select OPTIONS>ADVANCED 
OPTION>COMMUNICATIONS SETUP.

Note: There is no way of independently enabling power to just the internal modem 
without also enabling the power to the Cellular Communications Option if it is present. 
However, this poses no problem even if the sampler is physically connected directly to 
a phone line without a cellular phone.

2. Highlight Modem Setup using the up and down arrow soft keys. Press 
ACCEPT to continue.

3. Enable modem power by pressing the CHANGE CHOICE soft key. Modem 
power is turned off when not in use to conserve battery power.

Table 14 Modem CPU Connections (J-8)

Pin Signal Description

A Tip

B Ring

C 12 V dc

D 12 V dc Reference

11:00 AM 21 - APR - 01 COMUNICATION SETUP

SELECT

MODEM SETUP

RETURN

RS232 SETUP

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT
CHANGE
CHOICE

MODEM POWER:

CANCEL
ENABLED

CHOICES: ENABLED, DISABLED
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4. Select either pulse or tone dialing modes. This will depend on the type of 
phone service selected for the site phone line. Press the ACCEPT soft key 
to continue.

5. Enter a phone number using the numeric keypad. This phone number is 
used by the modem when it sends an alarm report to a personal 
computer running InSight® Gold software. 

6.2.2.1 Cellular Communication Option

Note: To ensure reliable 
communications between the 
sampler and the host computer, it is 
required that the host computer is 
equipped with a Cellular Compatible 
modem, it must support the 
MNP.10EC protocol. Computers 
equipped with modems that do not 
support this protocol are able to 
connect to the sampler but will not 
be able to maintain a reliable 
connection.

This option couples the 900 MAX Sampler to an external, 3-watt, cellular 
phone. The cellular phone is mounted in a NEMA 4X enclosure and is 
powered through the 900 MAX Sampler by the 900 MAX Sampler power 
supply. Enabling Modem Power in the Main Screen also provides power to the 
Cellular Communication via a connector cable. 

The cellular phone is set to activate upon an alarm. Additionally, the end user 
can use the phone to make cellular voice calls directly from the installation site 
as needed. 

Site Selection
The quality and availability of cellular service varies considerably from one 
geographical location and from day to day. Factors that affect the quality of 
cellular service include but are not limited to: weather, time of day, distance to 
the nearest cell tower, other cellular traffic, etc.

Installation and Setup

Note: Mount the antenna as high 
and as far away from the 900 MAX 
Sampler as possible. RF power 
radiated during transmission by the 
cell phone antenna in close 
proximity to the sampler may have 
adverse affects on data 
measurements.

1. Connect the four conductor cable between the four pin connector on the 
side of the cellular phone housing and to the connector in the side of the 
sampler case labeled MODEM. This cable supplies both the data and the 
12 V dc power for the cell modem.

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT
CHANGE
CHOICE

DIAL METHOD:

CANCEL
TONE

CHOICES: TONE, PULSE

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT
CHANGE
CHOICE

INPUT CHANNEL:

CANCEL
FLOW

(USE NUMERIC KEYPAD)
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Figure 19 Cellular Communication Option Components

Note: If the display on the cell 
phone is not present, check to make 
sure the cell phone power is 
enabled in the setup of the sampler. 
Also check to make sure that the 
sampler is connected to a power 
source and is turned on. 

2. Attach the magnetic base cell phone antenna to any flat metal object in 
the immediate area. For optimum performance, mount the antenna in a 
vertical position.

3. When necessary, reposition the antenna to obtain optimum signal 
strength. 

4. Loosen the four screws on the cover of the cell phone enclosure and 
remove the cover, to view the signal strength. The signal strength is 
indicated by the number of dashes across the bottom of the cell phone 
display. The more dashes across the bottom of the display the greater the 
signal.

6.2.2.2 Reliable Communications
In order to ensure reliable communications between the sampler and the host 
computer, it is absolutely essential that the host computer is equipped with a 
Cellular Compatible modem. The modem on the host computer must support 
the “MNP.10ED” protocol. Computers equipped with modems that do not 
support this protocol may be able to connect to the sampler but will not be 
able to maintain reliable connections.

6.2.2.3 Cellular Modem Scheduling
With Cellular Modem Scheduling enabled, both the modem and cell phone 
power will simultaneously be turned off and on at user defined intervals to 
conserve battery power. If Cellular Modem Scheduling is disabled the sampler 
will assume that a land line is available and that the cell phone is not 
connected to the sampler. With Cellular Modem Scheduling disabled (and the 
sampler on battery power) the sampler will leave the modem turned off until a 
call is received on the land line. 

Note: If the Cellular Modem 
Scheduling is disabled and the 
sampler is connected to a cell 
phone rather than a land line, the 
sampler will not be able to answer 
any incoming calls.

If the sampler is on ac power or the battery voltage is over 14.5 volts, the 
power to both the cell phone and modem will constantly be on regardless of 
whether Cellular Modem Scheduling is enabled or not.

If the sampler is configured to call a pager for alarms and the alarm condition 
is met, the sampler will still call the pager even if modem scheduling is 
disabled. In this situation the cell phone and modem will temporally be 
powered back up again to allow the sampler to call the pager and transmit the 
alarm code. However, as soon as the alarm code is transmitted, the power to 
the cell phone and modem will again be turned off.

1. To enable Cellular Modem Scheduling, Modem Power must be enabled.

Note: If Modem Power is not enabled the prompts for Cellular Modem Scheduling will 
not appear.
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2. Enable the Cellular Modem Scheduling using the CHANGE CHOICE 
soft key.  

3. Press the ACCEPT soft key to continue.

6.2.2.4 Cellular Modem Scheduling Basis
After enabling Cellular Modem Scheduling it will be necessary to choose the 
type of scheduling; Hourly, Daily or Weekly. If Hourly is chosen the modem 
and cell phone are powered up once every hour on the hour for a user defined 
duration. If Daily is chosen the modem and cell phone are powered up once a 
day, every day, at a user defined time and duration. If Weekly is chosen the 
cell phone and modem are powered up only once a week, every week, on a 
user defined day, time, and duration.

1. To set the Cellular Modem Scheduling Basis press the CHANGE CHOICE 
soft key until the correct choice appears in the center of the display. Press 
the ACCEPT soft key to continue. 

2. Set up the actual time and duration when the modem will be enabled 
using the numeric keypad. 

3. If Hourly is chosen enter the duration time that the modem will be turned 
on. Press the ACCEPT soft key.

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT CELLULAR MODEM
CHANGE
CHOICE

SCHEDULING:

CANCEL
ENABLED

CHOICES: ENABLED, DISABLED

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT CELLULAR MODEM
CHANGE
CHOICE

SCHEDULING BASIS:

CANCEL
DAILY

CHOICES: HOURLY, DAILY, WEEKLY

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT CELLULAR SCHEDULING

DURATION: 5 min.

CANCEL
CLEAR
ENTRY

ENTER: 1 - 59
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4. If Daily is selected enter the Cellular Scheduling Start Time and Duration.

5. If Weekly is selected enter the Cellular Modem Schedule Day, Start time, 
and Duration.

6.2.2.5 Cellular Modem Triggering
When Cellular Modem Triggering is enabled both the cell phone and modem 
remains on for a user specified duration after calling a pager or remote 
computer when an alarm condition is met. It is useful when calling back to a 
site via modem, after receiving an alarm, or viewing the current status.

Note: This display will not appear unless Cellular Modem Scheduling is enabled. 

If Cellular Modem Triggering is disabled the sampler is still able to call a pager 
or remote computer when an alarm condition is met. However, both the 
modem and cell phone will immediately turn off after the call is completed. 

Cellular Modem Triggered Duration
After enabling Cellular Modem Triggering, enter a value for Cellular Modem 
Triggered Duration. This is the amount of time that the modem remains on 
after it dials a pager or remote computer when an alarm condition has been 
met. The value is in minutes and can be anywhere between 1 to 120 minutes. 

Note: This display will not appear unless Cellular Modem Triggering is enabled.

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT CELLULAR SCHEDULING

START TIME:

CANCEL
1:00 (hrs:min) CLEAR

ENTRY

ENTER: 000:01 - 024:00 (hrs:min)

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT CELLULAR MODEM

SCHEDULE DAY:

CANCEL
FLOW CLEAR

ENTRY

CHOICES: MON, TUE, WED, THU, FRI, SAT, SUN

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT CELLULAR MODEM

TRIGGERING:

CANCEL
ENABLED CLEAR

ENTRY

CHOICES: ENABLED, DISABLED

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT CELLULAR MODEM

TRIGGERING DURATION:

CANCEL
30 min. CLEAR

ENTRY

ENTER 1 - 120
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6.2.2.6 Pager Option
The 900 MAX Sampler can be set up to call up to 3 individual pagers or a 
remote computer when an alarm condition has been met. The pager setup is 
an extension of the Modem Setup menus. To have the 900 MAX Sampler call 
a pager, the Pager Option must be enabled.

1. Enable the Pager Option, using the CHANGE CHOICE soft key until 
enabled is displayed. Press the ACCEPT soft key to continue. 

2. Enter the phone number of the paging service. Press the ACCEPT soft key 
to continue.

3. Enter the number of pagers to call when an alarm occurs. The 900 MAX 
Sampler will support up to 3 pagers. Press the ACCEPT soft key to 
continue.

4. Enter the phone numbers of the individual pagers you wish to send the 
message to. This is usually the phone number that is given to the pager 
when it is purchased. Press the ACCEPT soft key to continue.

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT
CHANGE
CHOICE

PAGER OPTION:

CANCEL
ENABLED

CHOICES: ENABLED, DISABLED

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT PAGER SERVICE

PHONE NUMBER:

CANCEL
555-5555 CLEAR

ENTRY

(USE NUMERIC KEYPAD)

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT

NUMBER OF PAGERS:

CANCEL
3 CLEAR

ENTRY

ENTER 1 - 3

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT PAGER #1
CHANGE
CHOICE

PHONE NUMBER:

CANCEL
555-5555

CHOICES: ENABLED, DISABLED
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6.2.2.7 Reporting Devices
The reporting order of the communication devices can be set to MODEM ONLY, 
PAGER ONLY, PAGER THEN MODEM, and MODEM THEN PAGER.

1. Press the CHANGE CHOICE soft key until the desired reporting method is 
displayed then press the ACCEPT soft key.

When the 900 MAX Sampler calls the pager service, it will transmit a Pager 
Alarm Code number (Table 15) which corresponds to a specific alarm 
condition. 

11:00 AM 21 - APR - 01 MODEM SETUP

ACCEPT REPORTING ORDER:
CHANGE
CHOICE

PAGER THAN MODEM

CANCEL

CHOICES: MODEM AND / OR PAGER

Table 15 Pager Alarm Codes

Alarm Code Equipment Reason Alarm Code Equipment Reason

Low Main Battery 1 — Battery pack is less than 11.5 V High CH5 28 — —

Memory Battery 2 — Internal memory battery is low High CH6 29 — —

Low Slate Memory 3 — Less than 10% slate memory left High CH7 30 — —

Slate Memory Full 4 — Slate memory is used up
High 

Reference 
Temp.

31 — —

Modem Failure 5 — Modem chip/modem board failure
High 

Velocity
32 — —

Missed Sample 6 — No liquid detected when sampling High D.O. 33 — —

Purge Failure 7 —
Water present at sensors after 

purge
High D.O. 

Temp.
34 — —

Jammed Distributor 8 —
Sensors indicate arm is not 

moving
High 

Conductivity
35 — —

Bottle is Full 9 — Full bottle option indicator is on
High Cond. 

Temp.
36 — —

U-Sonic Echo Loss 10 — No return signal detected Low Level 37 — —

Xducer Ringing 11 —
The return signal is detected too 

soon
Low Flow 38 — —

U-Sonic failure 12 — Ultrasonic board detects an error
Low 

pH/ORP
39 — —

RS485 Timed Out 13 —
Communication problems 

with RS485

Low 
Process 
Temp.

40 — —

Unable to Cool 14 AWRS only
Too high temperature in a 

compartment
Low CH1 41 — —

Unable to heat 15 AWRS only
Too cold a temperature in 

compartment
Low CH2 42 — —

Low Bubbler Pres. 16
(not 

applicable)
Possible leak in bubble tank Low CH3 43 — —

Clogged Bubbler 17
(not 

applicable)
Bubbler tube is plugged Low CH4 44 — —
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6.3 4–20 mA Option
The 4–20 mA option provides a current loop for controlling external devices 
such as a chart recorder or PC. Either one or both of the 4–20 mA outputs can 
be factory installed and are isolated from each other.

The interface has a 3 ft cable with a connector on one end, and a 10 ft cable 
with two open wire leads on the other. Insert the connector into the sampler 
receptacle labeled “Auxiliary”, located on the left side of the control housing. 
On the 10 ft cable, the wire with clear insulation is positive (+) and the wire 
with black insulation is negative (-). 

Rating:

• Isolation Voltage:
Between sampler and either 4–20 mA output: 2500 V ac
Between the two 4–20 mA outputs: 1500 V ac

• Maximum Resistive Load: 600 ohm

• Output Voltage: 24 V dc - no load

Cable Required
4–20 mA Interface Cable (Cat. No. 2924), 25 ft long, 4-pin connector on one 
end, tinned wire leads on the other end.

High Level 18 — — Low CH5 45 — —

High Flow 19 — — Low CH6 46 — —

High Flow Rate of 
Change

20 — — Low CH7 47 — —

High pH/ORP 21 — —
Low 

Reference 
Temp.

48 — —

High Process 
Temperature

22 — — Low Velocity 49 — —

High Rainfall 23 — — Low D.O. 50 — —

High CH1 24 — —
Low D.O. 

Temp.
51 — —

High CH2 25 — —
Low 

Conductivity
52 — —

High CH3 26 — —
Low Cond. 

Temp.
53 — —

High CH4 27 — —

Table 15 Pager Alarm Codes (continued)

Alarm Code Equipment Reason Alarm Code Equipment Reason

Table 16 4–20 mA Connections (J-18)

Pin Signal Description Wire Color

A Output 1 + (pos) Yellow 

B Output 1 - (neg) Black

C Output 2 + (pos) Red

D Output 2 - (neg) Green
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6.3.1 4–20 mA Programming

1. From the Main Menu, select OPTIONS > ADVANCED OPTIONS > 4–20 mA 
OUTPUTS > SELECT.

Note: When the 4–20 mA outputs 
are disabled and not completely 
turned off, they will continue to 
output a steady 4 mA.

2.  Enable the 4–20 mA outputs by pressing the CHANGE CHOICE soft key 
while in the 4–20 mA output menu.

3. When the display shows the outputs as enabled, press the ACCEPT 
soft key. 

4. Choose either OUTPUT A or OUTPUT B. Use the up and down arrow soft 
keys to highlight the choice, then press the SELECT soft key.

5. Select an analog Input Channel (e.g., channel 1, 2, 3, or, flow, etc.) to 
assign to that output. Press the CHANGE CHOICE soft key to cycle through 
the channel names. When the desired channel is displayed, press the 
ACCEPT soft key to select that channel.

6. Assign a channel value to the 4 mA current value. This value is typically 0, 
however any value can be set. Enter the value of the input needed to 
generate 4 mA of current at the output. 

7. Assign an input value to the 20 mA current level using the numeric 
keypad.

8. Repeat this process to configure the other 4–20 mA output.

11:00 AM 21 - APR - 01 4–20 mA OUTPUTS

SELECT OUTPUT A

OUTPUT B

RETURN

11:00 AM 21 - APR - 01 4–20 mA OUTPUTS

ACCEPT
CHANGE
CHOICE

INPUT CHANNEL:

CANCEL
FLOW

SELECT APPROPRIATE UNITS

11:00 AM 21 - APR - 01 4–20 mA OUTPUTS

ACCEPT

4 mA INPUT VALUE

CLEAR
ENTRY

0.00 mgd CANCEL

SELECT APPROPRIATE UNITS
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6.3.2 4–20 mA Calibration
After wiring the 4–20 mA connection perform a 4–20 mA output calibration. 
The 4–20 mA output calibration requires a multimeter and an interface or 
access to the 4–20 mA current loop wiring. Two 4–20 mA outputs are 
available and are designated Output A and Output B. Both outputs are 
calibrated the same way and are isolated from each other. 

Calibration may be performed while the 4–20 mA device is in the current loop, 
as shown in Figure 20 or disconnected from the current loop as shown in 
Figure 21. In either case, the multimeter must be set to a 20 milliamp dc range 
or greater.

1. From the Main Menu, select OPTIONS > ADVANCED OPTIONS > 
CALIBRATION > 4–20 mA OUTPUTS.

2. Connect a multimeter to the 4–20 mA current outputs per Figure 20 and 
Figure 21.

3. Make sure that the 4–20 mA output is enabled. If it is not enabled, press 
the CHANGE CHOICE soft key so that the display shows Enabled and then 
press the ACCEPT soft key.

4. Select the output (A or B) to calibrate.

5. Press any key to set the selected output to 4.00 mA dc.

6. Measure the current on the selected output using the multimeter and 
enter the measured value using the numeric keypad. Press the ACCEPT 
soft key to proceed.

7. Press any key to set the output to 20.00 mA dc.

8. Measure the current on the selected output using the multimeter and 
enter the measured value using the numeric keypad. Press the ACCEPT 
soft key to complete the calibration.

By entering the measured current values, the microprocessor will 
electronically adjust the outputs to compensate for the difference between the 
measured values and the expected values.

Figure 20 Calibration with the Meter in the Loop

900 MAX

Multimeter

Current Loop

Chart
Recorder
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Figure 21 Calibration with the 4–20 mA Device Disconnected from the Loop

6.4 Alarm Relays 

Note: Current to the relay contacts 
must be limited to 5 amps. A means 
to remove power from the relays 
locally in case of an emergency or 
for servicing the product must be 
provided by the user. This can be 
accomplished with an external 
switch and a 5-amp fuse or with a 
switched 5-amp circuit breaker. 

Four alarm relay outputs are available as a factory installed option. The relays 
are mounted in an external NEMA 4X enclosure for installation to a wall or 
panel. Alarm contacts are rated for 10 amps at 240 V ac (resistive load). 

The alarm wiring can be sized according to the load being used. The relay 
connector will accept wire sizes from 18 AWG to 12 AWG with a rating of 300 
V, 80 °C minimum. Do not use wire smaller than 18 AWG.

For relay pin assignments refer to Table 17 and Figure 22.

6.4.1 Alarm Relays Connection

900 MAX
Multimeter

Table 17 Relay Connector on 900 MAX Sampler (J17)

Pin Signal Description Wire Color

A +12 V dc Red

B Relay #1 Yellow

C Relay #2 Black

D Relay #3 Red

E Relay #4 Green 
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Figure 22 Relay Pin Connections

Relay Junction Box
Required relay box is an alarm relay box assembly with a 10-ft long cable with 
a 6-pin connector on one end and a relay box on the other end (Figure 23).

1. Choose Normally Closed (NC) or Normally Open (NO) connections. 

2. Hook into the terminal strip one wire in the common (COM) and the other 
in the connector with the preferred signal.

Figure 23 Single Relay Wiring Inside the Relay Junction Box

Table 18 Relays

Connector Relay

J2 1

J3 2

J4 3

J5 4
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6.4.2 Alarm Relays Programming
Alarms can be programmed to activate based on certain conditions (low 
battery, low memory, etc.). When an alarm is tripped, an action is initiated 
(report via modem, dial a pager, or set a relay). There are two types of alarms:

• Trouble Alarms

• Set Point Alarms

6.4.2.1 Trouble Alarms

Trouble Alarms initiate an action when a trouble condition occurs. For 
example, a relay may close when the memory is full. Refer to Troubleshooting 
and Error Messages on page 139 for more information on trouble alarms.

1. From the Main Menu, select SETUP > ADVANCED OPTIONS > ALARMS.

2.  Select one of the trouble conditions.

3. Select an action to occur when the alarm is activated. The list below 
shows each Trouble Condition. Refer to Appendix C on page 139 for 
causes and solutions.

6.4.2.2 Set Point Alarms
Set Point Alarms look for trip points to be reached (either high or low or both) 
before initiating an action. For example an initiated action may be the closing 
of a relay when the water level exceeds 60 cm (24 in.) or drops below 10 cm 
(4 in.) Set Point Alarms activate when a user-definable high and/or low set 
point is reached. 

1.  Enable one of the alarm conditions. 

2. Select an action to occur when the alarm is activated.

3. Set either a High trip point or a Low trip point.

4. After entering the trip point enter the deadband value. 

Trouble Condition

• Low Main Battery • Memory Battery

• Low Slate Memory • Slate Memory Full

• Modem Failure • Missed Sample

• Purge Failure • Jammed Distributor

• RS485 Timed Out

Alarm Actions

• Set Relay #1 • Set Relay #2

• Set Relay #3 • Set Relay #4

• Report Via Modem
Page 98
Alarm Relays



Section 6
Note: Log rainfall to use an alarm on a rainfall condition; likewise, log flow in order to 
implement and alarm on a flow rate of change. 

Set Point Alarm Conditions:

Note: Rainfall and Flow Rate of Change alarms are HIGH set point conditions; they 
take no deadband and they are time dependant.

Deadband
After entering the trip point, enter a deadband value. The deadband is the 
area between alarm “turn-on” and “turn-off”.

The purpose of setting the deadband is to eliminate alarm chatter which may 
occur if the “turn-on” and “turn-off” values are too close together. Small 
fluctuations occurring when the reading is at or near the trip point can rapidly 
toggle an alarm relay on and off.

In the pH example (Figure 24) the deadband is set to 0.10 pH. When the pH 
reached 6.9 (lower dashed line), the alarm tripped, but the alarm did not turn 
off until the pH came back up to 7.00. This difference is the deadband setting 
which should be set according to the characteristics of the item 
being measured.

Figure 24 Deadband Concept

• Level • Cabinet Temperature
(refrigerated samplers)

• Flow • Analog Channels 1–3

• Flow Rate of Change • Analog Ch. 4 or D.O.

• pH • Analog Ch. 5 or D.O. Temp.

• ORP • Analog Ch. 6 or Conductivity

• Process Temperature • Analog Ch. 7 or Conductivity Temp.

• Rainfall

7.60

7.40

7.20

7.00

6.80

6.60

6.40

pH

Alarm Off

Alarm On

Deadband

Low Alarm Setpoint= 6.9 pH
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6.5 Analog Inputs

6.5.1 Analog Inputs Connection

Note: 4–20 mA inputs must be 
isolated. Maximum load per unit is 
200 ohms.

Analog voltage as well as analog current input signals are accommodated in a 
single connector. To connect the analog voltage signal (-4.0 to +4.0 V dc):

1. Tie ground wire to Pin B (ground).

2. Tie analog voltage wire to the appropriate voltage input pin 
(Pin C, E, or G). 

For example, to connect an analog voltage input to analog input channel 1, tie 
the ground wire to pin B and your positive wire to pin C.

To connect and analog current signal (4–20 mA dc)

1. Tie ground wire to Pin B (ground).

2. Connect analog current wire to both voltage and current input pins for the 
appropriate channel (Pin C and D, or E and F, or G and H).

There are a total of three analog input channels available on the 900 MAX 
Sampler. These inputs accept 4–20 mA dc or -4.0 to +4.0 V dc analog signals. 
They can be logged and graphed and can also be used to trigger alarms, 
cause setpoint samples, and control 4–20 mA outputs. 

6.5.2 Analog Inputs Programming
Analog input channels can accept a signal from an external device. This 
signal may range from -4.0 V dc (min) to +4.0 V dc (max) or from 4 to 20 mA 
dc depending on the input selected. In some cases, input signals from certain 
devices may also fall somewhere within those ranges. For that reason, each 
analog input channel must be mapped to the minimum and maximum signal 
limits of the external device.

To map an external device to an analog input channel:

1. From the Main Menu, select OPTIONS>ADVANCED OPTIONS>DATALOG.

Table 19 Analog Input Pin Assignments

Pin Signal Description Wire Color

A +12 V dc White

B Signal Ground Blue

C Voltage Input 1 (-4.0 V dc to +4.0 V dc) Yellow

D Current Input 1 (4–20 mA dc) Black

E Voltage Input 2 (-4.0 V dc to +4.0 V dc) Red

F Current Input 2 (4–20 mA dc) Green

G Voltage Input 3 (-4.0 V dc to +4.0 V dc) Gray

H Current Input 3 (4–20 mA dc) Brown

J not used Violet

K not use Orange

Note: There is no pin labeled “I”.
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2. Highlight Select Inputs using the up and down arrow soft keys and then 
press the SELECT soft key.

Note: If logging is enabled on any 
channel, then that channel will have 
an arrow in front of the channel 
name to signify the channel 
is logged.

3. Highlight the analog channel to log using the up and down arrow soft 
keys, then press the SELECT soft key.

4. Press the CHANGE CHOICE soft key to cycle between Logged and Not 
Logged, then press the ACCEPT soft key.

5. Enter a Logging Interval using the numeric keypad. Press the ACCEPT 
soft key to continue.

6. Select Unit of measurement (ppm, ppb, afd, cfs, cfm, cfd, cms, cmm, cmh, 
cmd, gps, gpm, gph, lps, lpm, lph, or mgd).

7. Enter Low Point.

8. Enter High Point.

9. Select another channel to configure, or press the RETURN soft key to 
back up one step, or press the MAIN MENU function key to return to the 
Main Menu display. 
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DANGER
Some of the following manual sections contain information in the form of warnings, cautions and notes 
that require special attention. Read and follow these instructions carefully to avoid personal injury and 
damage to the instrument. Only personnel qualified to do so, should conduct the installation/maintenance 
tasks described in this portion of the manual.

DANGER
Certains des chapitres suivants de ce mode d’emploi contiennent des informations sous la forme 
d’avertissements, messages de prudence et notes qui demandent une attention particulière. Lire et suivre 
ces instructions attentivement pour éviter les risques de blessures des personnes et de détérioration de 
l’appareil.  Les tâches d’installation et d’entretien décrites dans cette partie du mode d’emploi doivent être 
seulement effectuées par le personnel qualifié pour le faire.

PELIGRO
Algunos de los capítulos del manual que presentamos contienen información muy importante en forma de 
alertas, notas y precauciones a tomar. Lea y siga cuidadosamente estas instrucciones a fin de evitar 
accidentes personales y daños al instrumento. Las tareas de instalación y mantenimiento descritas en la 
presente sección deberán ser efectuadas únicamente por personas debidamente cualificadas.

GEFAHR
Einige der folgenden Abschnitte dieses Handbuchs enthalten Informationen in Form von Warnungen, 
Vorsichtsmaßnahmen oder Anmerkungen, die besonders beachtet werden müssen. Lesen und befolgen 
Sie diese Instruktionen aufmerksam, um Verletzungen von Personen oder Schäden am Gerät zu 
vermeiden. In diesem Abschnitt beschriebene Installations- und Wartungsaufgaben dürfen nur von 
qualifiziertem Personal durchgeführt werden.

PERICOLO
Alcune parti di questo manuale contengono informazioni sotto forma d’avvertimenti, di precauzioni 
e di osservazioni le quali richiedono una particolare attenzione. La preghiamo di leggere attentivamente 
e di rispettare quelle istruzioni per evitare ogni ferita corporale e danneggiamento della macchina. 
Solo gli operatori qualificati per l’uso di questa macchina sono autorizzati ad effettuare le operazioni  di 
manutenzione descritte in questa parte del manuale.



Section 7 Maintenance

CAUTION
Always disconnect power to the 
sampler before performing any 
maintenance or service.

ATTENTION
Débranchez toujours l'alimentation de l'analyseur d'echantillonneur avant de 
procéder à un entretien ou une réparation.

¡CUIDADO!
Siempre desconecte el tomamuestras antes de realizar cualquier tarea de 
mantenimiento.

ACHTUNG!
Vor Durchführung von Wartungs- oder Insthandhaltungsmassnahmen ist das 
Probenentnahmesystem unbedingt spannungsfrei zu machen!

ATTENZIONE
Disconnettere sempre l'energia elettrica dal campionatore prima di operare tutti 
I servizi di assistenza alla macchina.

7.1 Cleaning the Sampler

7.1.1 Cleaning the Refrigerator
Clean the condenser fins and coils every 6 to 8 months to maintain efficient 
heat transfer. 

7.1.2 Cleaning the Sampler Cabinet
Clean the interior and exterior of the sampler cabinet with a damp sponge and 
mild detergent. Do not use abrasive cleaners.

7.1.3 Cleaning the Sample Bottles
Clean the bottles using a brush and water with a mild detergent, followed by a 
fresh water rinse and a distilled water rinse. Glass bottles may also be 
autoclaved.

7.1.4 Cleaning the Intake Tubing and Pump Tubing
Clean the tubing by pumping water with mild detergent or other cleaning 
solution through the tubing, using the peristaltic pump in Manual Pump Mode. 
Press the MANUAL MODE soft key.

7.1.5 No Lubrication Required
The 900 MAX Sampler does not require routine lubrication. Do not lubricate 
the pump tube with petroleum jelly, silicone grease, oil, or any other lubricant, 
as this will substantially reduce the life of the pump tube and roller assembly.

If you need assistance in performing any of the following service steps, please 
contact the factory. 
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7.2 Pump Tubing Maintenance

CAUTION
Always disconnect power to the 
sampler before removing the 
pump cover.

ATTENTION
Débranchez toujours l'alimentation de l'analyseur d'echantillonneur avant de 
déposer le couvercle de la pompe.

¡CUIDADO!
Desconecte siempre el tomamuestras antes de retirar la tapa de la bomba.

ACHTUNG!
Vor Ausbau der Pumpenabdeckung ist das Probenentnahmesystem unbedingt 
spannungsfrei zu machen!

ATTENZIONE
Disconnettere sempre l'energia elettrica prima di rimuovere la copertura della 
pompa.

Replacement pump tubing is available from the manufacturer in 15' bulk 
length (Cat. No. 4600-15), and 50' bulk length (Cat. No. 4600-50). Use of 
tubing other than that supplied by the manufacturer may cause excessive 
wear on mechanical parts and/or poor pump performance. 

7.2.1 Tubing Life Estimates
Pump tubing life depends on several factors:

• Distance from sample source. Locate the sampler as close to the sample 
source as possible.

• Vertical lift. Minimize the vertical lift (ideally, 15 feet or less).

• Intake Rinses. Minimize the number of intake rinses prior to 
sample collection.

• Pump roller assembly condition. Remove (clean) the silicone residue in 
the interior of the pump housing and on the rollers before installing a 
new tube.

• Constituents in the sample liquid. Grit and other abrasive solids 
cause greater wear on the tubing as they are squeezed through the 
pump rollers.

Experience at a particular site will be your best indicator of tubing life. Visually 
inspect the tubing and rollers on a regular basis after initial installation to get a 
feel for what maintenance your site will require. Be sure to replace the pump 
tubing before it splits to prolong the life of the sampler and keep the work area 
free of contamination from the sample liquid.

Note: To extend the life of the tubing, rotate the pump tube 90 degrees in the pump 
housing after approximately 2/3 of the life has been realized (once the tube life has 
been determined through use).

You must use the proper length of silicone tubing in the pump body. An 
improper length can reduce the life of the tubing and pump rollers. Refer to 
Figure 25 for the correct length.
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Figure 25 Pump Tube Loading

7.2.2 Replacing Pump Tubing

1. To replace the pump tube, remove the four screws on the pump cover. 

2. Remove the front cover of the pump housing. 

3. Remove the existing tubing. Locate the black dot on the new tubing. The 
end of the tube that extends farthest beyond the black dot attaches to the 
stainless steel tubing connector. 

4. Install the pump tube in the pump housing until the black dots are visible 
just outside the pump body. 

5. After inserting the new pump tube, reinstall the front cover and secure it 
with the four screws until finger tight.

7.3 Upgrades, Repairs, General Maintenance
Only a qualified technician should service the 900 MAX Sampler. For 
example, steps that require knowledge of CMOS electrostatic discharge 
precautions and advanced electronics training and should only be performed 
by a qualified technician. If you need assistance in performing any of the 
following service steps, contact the manufacturer.

Electrostatic Discharge (ESD) Considerations 

To minimize ESD risks, 
maintenance procedures not 
requiring power to the sampler 
should be performed with power 
removed. 

Delicate internal electronic components can be damaged by static electricity, 
resulting in degraded instrument performance or eventual failure. 

The manufacturer recommends taking the following steps to prevent ESD 
damage to your instrument:

• Before touching any instrument electronic components (such as 
printed circuit cards and the components on them) discharge static 
electricity from your body. This can be accomplished by touching an 

To Intake Tubing Connector

5 3/4 in. to Sample Fitting

11 5/8 in.
(Tubing in Pump)
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earth-grounded metal surface such as the chassis of an instrument, 
or a metal conduit or pipe. 

• To reduce static build-up, avoid excessive movement. Transport 
static-sensitive components in anti-static containers or packaging.

• To discharge static electricity from your body and keep it discharged, wear 
a wrist strap connected by a wire to earth ground. 

Handle all static-sensitive components in a static-safe area. If possible, use 
anti-static floor pads and work bench pads. 

7.4 Internal Maintenance Items
The following items require access to the inside of the case for service: 

• Fuses for the RS485 and analog interface connectors (if equipped)

• Internal desiccant module

• RAM memory batteries

• System upgrades (4–20 mA, modem, alarm relays, etc.)

• Circuit board repair

7.5 Removing and Opening the Controller

CAUTION
Always power the unit OFF and 
then disconnect all cables from 
the 900 MAX Sampler before 
removing the controller.

ATTENTION
Débranchez toujours l'alimentation de l'analyseur d'echantillonneur et 
débranchez tous les câbles de l'analyseur avant de déposer l'unité de 
commande.

¡CUIDADO!
Desconecte siempre el tomamuestras y quite todos los cables del mismo antes 
de retirar el controlador.

ACHTUNG!
Vor Ausbau des Reglers ist das Probenentnahmegerät unbedingt spannungsfrei 
zu machen. Trennen Sie zusätzlich alle Kabelanschlüsse vom Gerät, bevor mit 
der Demontage des Reglers begonnen wird.

ATTENZIONE
Disconnettere sempre l'energia elettrica dall'autocampionatore e tutti I cavi 
dall'autocampionatore prima di rimuovere il panello di comando.

To remove the controller from the controller center section:

1. Turn the unit off by pressing the OFF key.

2. Disconnect and remove all cables to the controller housing, including the 
distributor/full bottle shutoff cable. 

Note: The front panel gasket has a 
light coating of grease to help 
assure a watertight seal. Do not 
contaminate the grease or gasket 
area with dirt or debris during 
servicing. Always replace the gasket 
if it is damaged or missing. Never 
reassemble the case without the 
gasket properly installed.

3. Disconnect all tubing.

4. Remove the front clip which holds the controller housing to the top of the 
cabinet.

5. Lift the controller off the cabinet using care to guide the distributor/full 
bottle shut-off cable through the hole in the refrigerated compartment.
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6. Remove the 17 screws from around the perimeter of the controller 
back panel.

7. Carefully pull open the bottom panel and let the attached connectors 
swing out of the way.

8. If necessary for the repair being performed, unplug the appropriate 
connectors. Always note each connector location before unplugging 
anything. Re-installing a plug into the wrong connector can cause 
extensive damage.

7.6 Re-installing the Bottom Panel

Note: Always follow the procedure below when re-installing the 900 MAX Sampler 
bottom panel. Improper panel installation may result in damage to 
the instrument. 

1. Hand tighten each nut until it makes contact with the panel.

2. Tighten the nuts in sequence shown in Figure 26 to 5 in.-lb (0.56 N-m).

3. Repeat the tightening procedure in the same sequence to 10 in.-lb 
(1.13 N-m).

Figure 26 Tightening the Nuts on the Bottom Panel

7.7 Circuit Board Identification
There are two main circuit boards in the 900 MAX Sampler; the Utility Board 
and the CPU board. The CPU board is attached to the bottom panel and the 
Utility board is located inside the control housing behind the motor/gearbox 
assembly.

Note: Removal and handling of the circuit boards used in the 900 MAX Sampler 
requires knowledge of ESD (Electro-Static Discharge) precautions and the CMOS 
(Complementary Metal-Oxide Semiconductor) circuit components used in the 900 
MAX Sampler. Static electricity has the potential to damage the CMOS components of 
the 900 MAX when the boards are unplugged and removed from the case. Precautions 
must be taken to assure static free personnel and work area prior to handling the 
circuit boards. 

1 10 2 11

3

12

4

13

5

146157

16

8

17

9
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Figure 27 CPU Board  

Table 20 CPU Board Connectors

ID Description ID Description

J-1 Liquid Crystal Display J-7 RS485 Submerged Pressure Transducer

J-2 Mechanical Totalizer J-8 Modem Option Module

J-3 not used J-9 Liquid Crystal Display (LED back-light)

J-4 Base Board J-10 Keypad

J-5 Memory Backup Battery Pack J-11 not used

J-6 RS232 Serial Port

CPU BOARD

J6

J10

J9

J11

J2

J5 J8

J4

J1
J7

F1
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Figure 28 Utility Board 

Table 21 Utility Board Connections

ID Description ID Description

J-1 Distributor J-12 Analog Input Channel 5

J-2 Auxiliary J-13 Analog Input Channel 6

J-3 pH/ ORP J-14 Analog Input Channel 7

J-4 CPU Board J-15 Thermal Control

J-5 Rain Gauge J-16 12 V dc Main

J-6 Bubbler Module J-17 Relay Output

J-7 Fluid Sensor #1 J-18 4–20 mA PCB

J-8 Analog Input Channel 1 J-19 Fluid Sensor #2 (closest to pump)

J-9 Analog Input Channel 2 J-20 D.O. / Conductivity

J-10 Analog Input Channel 3 J-21 Submerged Sensor

J-11 Analog Input Channel 4 J-22 5 amp External Fuse

UTILITY BOARD

J19 J7

J5

J1

J2

J20

J21

J17

J6

J18 J3

J15
J22

C11

TB1

J16

J4

J8 J9 J10 J11 J12 J13 J14

F2
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7.8 Replacing the Fuse

DANGER
For continued protection 
against fire, replace fuses with 
only fuses of specified type and 
current rating. 

PELIGRO 
Para una continua protección contra incendios, reemplace los fusibles 
únicamente por los del tipo y capacidad recomendados.

PERIGO 
Para proteçao contínua contra fogo, troque os fusíveis somente por fusíveis do 
tipo especificado para a força da corrente.

DANGER 
Pour assurer la protection contre les risques d'incendies, remplacez les fusibles 
uniquement par des fusibles du même type et pour la même intensité.

GEFAHR
Zur Wahrung des kntinuierlichen Brandschutzes durfen die Sicherungen nur mit 
Sicherungen des gleichen Typs und mit gleichen Stromkennwerten verwendet 
werden.

5-amp Medium Delay Fuse (Cat. No. 8753)
The main 12 volt line is fused as soon as it enters the controller housing. This 
is a 5 amp medium delay fuse and is accessible from outside the case on the 
back side of the controller housing. To remove the fuse unscrew the cap on 
the fuse holder with a flat blade screwdriver.

PCB Fuse Removal and Inspection
Pull the fuse straight out of the holding clips to remove the fuse. The wire 
strand inside the glass tube will be broken. Use an ohmmeter to tell for sure if 
a fuse needs to be replaced.

7.9 Motor/Gear Box
The motor/gear box requires no regular maintenance. The special formulation 
gears are self lubricating and require no oil or grease.

7.10 Internal Desiccant Module

Note: The desiccant module cannot 
be recharged by heating. Do not 
attempt to bake the desiccant 
module in an oven to remove the 
moisture as this could be a 
fire hazard.

The Internal Desiccant Module (Cat. No. 8849) consists of a 
moisture-absorbent material inside a poly bag. If the humidity indicator on the 
front panel turns pink, replace the module and the back panel perimeter 
gasket (Cat. No. 8606). The desiccant module is located under the 
CPU board. 

7.10.1 Internal Case Humidity Indicator
After replacing the desiccant module and re-sealing the case, the Internal 
Case Humidity indicator disc (Cat. No. 2660) should return to its original blue 
color. Replace the indicator disc if it fails to return to blue after replacing the 
desiccant module. To replace the indicator disc, remove the bottom panel that 
is held in place by a small clip and screw.
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7.11 Memory Battery
Random Access Memory (RAM) is a very reliable data storage medium for 
microprocessor applications. However, RAM requires power at all times. If 
power is removed, the data stored in the RAM chip is lost. Therefore, you 
cannot power the RAM chips from the 900 MAX Sampler power supply 
because you would lose data and program settings every time you unplugged 
the power cord. A separate battery located inside the sampler controller is 
provided to power the RAM chips and the real-time clock. The memory 
battery keeps the program entries and logged sample data alive inside the 
RAM memory when the main power fails or is removed for transport or 
replacement.

The 900 MAX Sampler memory battery consists of two C-cell batteries. 

Should the memory battery voltage fall too low to properly maintain the 
program settings, a warning: MEMORY POWER LOW will alert you to replace 
the batteries. The 900 MAX Sampler utilizes a very small amount of energy 
from the memory batteries during normal operation. The service life of the 
batteries in this application is typically five years.
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Appendix A Quick Start Guides

For best results, read the instrument manual before beginning. Use this guide as a reminder.

900 MAX All Weather Refrigerated Sampler Main Menu Flow Chart

Sample
History
Level
Flow
..etc.

Power Supply: 15.8 Volts
Sampling Underway
Program Started: 8:30AM
SEP19
Level: 21.957 in
Flow: 0.57 mgd
pH: 6.2
Temp: 73 F
Rainfall: .12
Total (x1000): 31233 gal

Graph Data

June15 2:10pm    314.233
June15 2:15pm    334.118
June15 2:20pm    377.235
June15 2:25pm    423.342

Date / Time           Flow

Bottles
Intake Tubing
Program Lock
Program Delay
Sample Collection
Sample Distribution
Liquid Sensor
Sample Volume
Intake Rinses
Sample Retries
Site ID
Advanced Sampling *

Program Complete Output
Setpoint Sampling
Special Output
Start/Stop Times
Storm Water
Timed Bottle Sets
Upset Sampling

Display Data Setup

Status

MAIN MENU
Options

Advanced
Options

Time/Date

Option Menu

Volume
Calibration

Level
Adjust

Current Level = 12.34 in
Enter New Level:

4–20 mA Outputs
Alarms
Calibration
Communication
Setup
Datalog
Diagnostics
Flow Meter Setup
Flow Totalizer
Load Program
Velocity Setup
Screen Saver Mode
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Appendix A
900 MAX All Weather Refrigerated Sampler Setup Flow Chart

*2 Note:
Flow Pacing menu
will not remember
previous setting
whenever you re-enter
that menu, i.e., it
reverts to default
CVVT. Therefore, if
you re-enter Flow
Pacing menu, be sure
to re-select the
sampling method you
want, CTVV or CVVT.

Options Setup Status

Review
All Items

Modify
All Items

Modify
Selected

Items

Displays all program items
(no changes allowed)

Steps you through each program item
(same items as Modify Selected Items below)

Program
Lock

or

or

Sample
Distribution

*1

Bottles

Intake
Tubing

Liquid
Sensor

Sample
Collection

or

or

If Enabled

or

Sample
Volume

Display Data

Yes

Intake
Rinses

Sample
Retries

Site ID

Advanced
Sampling

Enter Number of
Sample Bottles

Enter Bottle
Volume

Enter Intake
Tube Length

Enter Intake
Tube Type

Program
Delay

Enable / Disable

Enable / Disable
Enter Start Time
& Day of Week

Stop After
Last Sample

Flow
Proportional

Take First Sample:
Immediately

or After First Interval

Deliver Each
Sample to ALL
Bottles? Y/N

Run Continuously

or

Samples per
Bottle

Bottles per
Sample

Samples to
Collect

Enter number of
Samples per Bottle

Enter number of
Bottles per Sample

Enable /
Disable

Enter Sample Volume

Enter Number of Rinses

Enter Number of Retries

Enter Site Identification

SEE ADVANCED SAMPLING FLOW CHART

Main Menu

No

Time
Proportional

Enter Sampling Interval
(hrs/min)

or

or

or

or

or

or

or

or

or

or Flow Pacing
CTVV *2

Flow Pacing
CVVT

Enter Average Flow
Rate Enter Interval Enter Total Sample

Volume Desired
Enter Collection

Period

Timed Over-Ride
Y or N

or

Take Sample Every:
Vol. or Counts

Flow Meter: Integral
or External

*1 Note:
grey menu not
available if CTVV
selected for Flow
Pacing

Notes
Page 116
Quick Start Guides



Appendix A
900 MAX All Weather Refrigerated Sampler Options Flow Chart

Calibration

Advanced
Options

or

select

Diagnostics

Time /
Date

Data Log

Screen Saver
Mode

(AC power only)

Load Program

Communications
Setup

Flow Totalizer

Alarms

Distributor, Event List, Keypad, LCD, Liquid Sensor, Velocity Analysis, Thermal System

select

or

select

select Select Inputs

Set Memory
Mode

(Slate or Wrap)

select

Proc. Temp.
Rainfall
pH / ORP
Level / Flow
Cabinet Temp
Channel 1
Channel 2
Channel 3
Ch 4 or DO
Ch 5 or DO Temp
Ch 6 or Cond
Ch 7 or Cond Temp
Velocity

or

select

RS232 Setup

Modem Setup

or

select

select

Set Baud Rate

Enable / Disable
Modem Power

Modify Setupselect

Reset

or

selectView Totals

or

select Select Scaling (X n)

select Reset Totalizer (Y/N)

Resettable Total = _____
Non-Resetable Total = _____

select See ALARMS Flowchart -

Select
Logged

or
Not

Logged

Set Logging
Interval

If
Loggedpick

one

4-20 mA
Outputs

Enable
or

Disable

Select
Output
A or B

Select a
Channel to

Assign to Output
A or B

Enter 4 mA Input Value
select

Accept

See CALIBRATION Flowchart -

or

Accept

Enter 20 mA Input
Value

or

or

Select Total Flow Units
(af, cf, gal, l or m3)

select

or

Arrow
Indicates

Item is Logged

Main Menu

Options Setup StatusDisplay Data

or

or

Select Units
(if applicable)

select

or

Select Program #1 - 5select

Enable or Disableselect

select

Flow Meter
Setup

Select Flow Units
(GPS, GPM, GPH,

LPS, LPM, LPH, MGD,
AFD, CFS, CFM, CFH,

CFD, CMS, CMM,
CMH, CMD)

select

Select
Level

Units (IN,
FT, M,
CM)

Select Primary

Device (None-Level

Only, Manning, Weir,

Flume, Nozzle, PWR

Equation, Head vs

Flow, Area Velocity)

Select Total

Flow Units

(AF, CF,

GAL, LTR,

M3)

or

Select Baud Rate
(1200 or 2400)

Enter Phone #

Select either
Tone or Pulse

dialing

Extended
Power
Mode

Enable/Disable
or

Velocity Setup select

or Direction

Units

Cutoffs

Default

Upstream, Downstream, or Always Positiveselect

Fps(Feet per Sec), or M/S(Meters per sec.)select

Enter Cutoff Value Required for Valid Velocityselect

Value Used When Cutoff is Reachedselect
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Appendix A
900 MAX All Weather Refrigerated Sampler Advanced Sampling Flow Chart

Flow Rate of Chg
Rainfall

Options Setup StatusDisplay Data

Main Menu

Modify
Selected

Items Advanced
Sampling Program

Complete
Output

Enable /
Disable

Note: Enables pin F for
Program Complete output on

Auxillary connector.
Also disables its use for

Bottle# & Full Bottle Indicator.
Setpoint *
Sampling

Special
Output

Start /
Stop

Times

Storm
Water

Timed
Bottle
Sets

Upset
Sample

Enable /
Disable

Start on
Setpoint

-or-
Start /

Stop on
Setpoint

Set HIGH
trigger and
Deadband

Set LOW
trigger and
Deadband

or

Set High
Trigger

Set
Time

Interval

Enter Delay
When Input
Becomes

Active

External Control

Note: The Special Output
signal is available on pin E of

the Auxiliary connector.
Enable /
Disable

Enable: After Each Sample, Only When
Pumping or From Rinse to Purge

An arrow displayed next to an Advanced Sampling
option in the menu display signifies it is enabled.

Enable /
Disable

Time / Date

Time / Weekday

or

Enter Time and Date for
each start and stop

Enter Time and Day of
Week for each start and stop

Enable /
Disable

Select Start
Condition: Rain,
Level, Rain AND
Level, Rain OR

Level, Immediate
or

External Trigger

Select
# of
First
Flush

Bottles

Select:
Samples/Bottle

or
Bottles/Sample

Enter
Sampling
Interval

Enter
Sample
Volume

Enter
Program

Time Limit

Enable /
Disable

Clock
Time

Note: Timed Bottle is not
allowed unless Bottles-per-
Sample mode is selected in

Distribution Menu.

Duration

Enter Time of next
Bottle Set

Enter Time Interval
till next Bottle Set

or

Enable/
Disable

Continuous
Mode

Enable /
Disable

Flow Rate of Chg
Rainfall

External Control

Set HIGH
Trigger

Set LOW
Trigger

or

Set
HIGH

Trigger

Set
Time

Interval

Enter #
of

Upset
Bottles

Select:
Samples/Bottle

or
Bottles/Sample

Enter Sample
Volume

Level
Flow
pH / ORP
Process Temp
Channel 1
Channel 2
Channel 3
Ch 4 or D.O.
Ch 5 or DO Temp.
Ch 6 or Cond.
Ch 7 or Cond Tmp

Begin with
Bottle 1 on
each New

Start?

* Note: Setpoint Sampling &
Storm Water Cannot

Be Enabled at the Same
Time.

Variable
Intervals

Enable /
Disable

Set
Sample
Intervals

Level
Flow
pH / ORP
Process Temp
Channel 1
Channel 2
Channel 3
Ch4 or D.O.
Ch5 or D.O. Temp
Ch6 or Cond
Ch7 or Cond Temp

Select Only One Channel or
External Control for Setpoint.

Grey box indicates function not available with
CTVV sampling enabled. [Even if function is
still listed in screen menus.]

key:
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Appendix A
900 MAX All Weather Refrigerated Sampler Alarms Flow Chart

Report via Modem
Set Relay #1
Set Relay #2
Set Relay #3
Set Relay #4

Enable
or

Disable
select

Level
Flow
pH / ORP
Process Temp
Cabinet Temperature
Channel 1
Channel 2
Channel 3
Channel 4 or D.O.
Channel 5 or D.O. Temp.
Channel 6 or Conductivity
Channel 7 or Cond. Temp.

or

Pick
One

Alarm on
HIGH

Condition

Alarm on
LOW

Condition

select

select

or

Enable
or

Disable

Enable
or

Disable

if enabled

if enabled

Set
HIGH

Trigger
Point

Set
Deadband

Set
Deadband

Set
LOW

Trigger
Point

Report Via Modem
Set Relay #1
Set Relay #2
Set Relay #3
Set Relay #4

Accept

(arrow indicates enabled)

(arrow indicates enabled)

Flow Rate of Chg
Rainfall

or

Pick
One

Enable
or

Disable

Set
High

Trigger
Point

if
enabled

Set
Time

Interval

Memory Battery
Low Slate Memory
Slate Memory Full
Modem Failure
U-Sonic Echo Loss
X-Ducer Ringing
U-Sonic Failure
RS-485 Timed Out
Modem Failure
Missed Sample
Purge Failure
Jammed Distributor
Full Bottle
Unable to Cool
Unable to Heat

Pick
One

(arrow indicates enabled)

Options Setup StatusDisplay Data

Main Menu

Advanced
Options

Alarms
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Appendix A
900 MAX All Weather Refrigerated Sampler Calibration Flow Chart (1 of 2)

Advanced
Options

Calibration

pH

Proces Temp

4-20 mA
Outputs

or

ORP

or

or

or

Apply Positive
Reference Signal to

ORP Input

Enter New
mV Value

selectselect

Place Sensor in First Buffer

Enter Temperature of Liquid select

select

Enter pH for Buffer #1

select

select

Place Sensor in Second Buffer

Enter pH for Buffer #2

select

select Place Sensor in Liquid
(32 to 211 deg F)

Enter New Liquid
Temperature

Select Output A
or Output B

select Output A

Output B

Press a key
for 4 mA

Enter Actual
Output
Current

select select

Press a key
for 20 mA

Enter Actual
Output
Current

select

Options Setup StatusDisplay Data

Main Menu

Submerged
Probe

Select Orientation:
Horizontal or

Vertical

Remove Submerged Probe
from Liquid and press a key

(hold probe in same
orientation as selected in

previous step)

Submerge Probe to Known
Depth (>6") and press a key
(submerge probe in same

orientation as previous step)

Enter Depth of Probe

select

Thermal
Setup

select Thermal Setpoint

Thermal Calibrate

Enter Desired Cabinet
Temp.

Enter Actual Cabinet Temp.

Dissolved
Oxygen

Enter
Ambient

Temperature

Enter
Elevation

Above
Sea

Level

select
Enter

Membrane
Thickness

Enter
Chlorinity

Place Sensor in
Air

Enter new D.O.
ValueDissolved

Oxygen Temp
select Place Sensor in Liquid

(32 to 211 deg F)
Enter New Liquid

Temperature

Conductivity

Enter
Temperature

Correction Factor
select Place Sensor in

Liquid & Press a Key
Enter New

Conductivity
Value

Conductivity
Temperature

select Place Sensor in Liquid
(32 to 211 deg F)

Enter New Liquid
Temperature

or

or

or

or

or

or
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Appendix A
900 MAX All Weather Refrigerated Sampler Calibration Flow Chart (2 of 2)

Advanced
Options

Calibration select

Options Setup StatusDisplay Data

Main Menu

or

Enter
new

Depth

Submerged
Probe

Select Orientation
of Sensor

(horizontal or
vertical)

select

Remove
Sensor From
Liquid (press

a key)

Submerge
Sensor to

Known
Depth

Enter
new

Depth

selectselect select

Submerged
Velocity
Probe

Place Probe on
a Flat Surface

and
Press Any Key

selectselect

or

select

Submerge
Sensor to

Known
Depth

Ultra-Sonic
Sensor

Calibrate
U-Sonic

select

Enter Distance to End
of Invisible Range

select

Level Adjust
Enter New Level
('B' in dwg below)

select

select

Set Invisible
Range

('C' in dwg )

or

Enter Sensor Height
('A' in dwg below)

Sensor Height

or

select

Enter Ambient Temperature
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Appendix B Programming Features

Review All Items
This function lets you review all information in the Setup and Option menus 
without worrying about accidentally changing the information. Use this 
function to verify that the program is setup properly. 

All program entries and the status of all logged channels are displayed. Since 
this information fills more than one screen, scroll through the setup 
information one page at a time with the arrow keys.

When you get to the last screen you will see only an up arrow soft key 
meaning that you have now reached the last screen. Scroll back up the list or 
press the MAIN MENU key to exit.

When you are satisfied that all program entries are set up properly, press the 
MAIN MENU key to exit this screen and return to the main menu.

Review All Items Screen Contents
The first line of the Setup Review screen shows the software revision level for 
the internal embedded software (firmware) of the sampler and should be 
noted before calling the factory.

Running a Program
To run or halt a program, press the RUN/STOP key on the front panel. If the 
program has been stopped (and no changes to the program settings were 
made while it was stopped), pressing the RUN key will cause the program to 
ask to resume the previously running program (and retain all logged data) or 
Start From Beginning (and clear all logged data).

Note: When selecting Start from Beginning, all logged data will be cleared from 
memory. If this data needs to be saved make sure it is downloaded to a DTU or 
personal computer prior to pressing the START FROM BEGINNING soft key.

Displaying Data
The Display Data function provides the recorded data for any channel being 
logged in a tabular report or a graph.

In addition, for tabular reports, the data can be viewed from the beginning, 
from the end, or from a specific point in time. A graph can display any 24-hour 

11:00 AM 21 - APR - 01 SETUP REVIEW

900 MAX VERSION: 1.00

NUMBER OF BOTTLES: 4

BOTTLE VOLUME: 10.00 gal

INTAKE TUBE LENGTH 50 ft

INTAKE TUBE TYPE 3/8” VINYL

PROGRAM LOCK OFF

11:00 AM 21 - APR - 01 SETUP REVIEW

CHANNEL 3 ppm NOT LOGGED 1min

CHANNEL 4 ppm NOT LOGGED 1min

CHANNEL 5 ppm NOT LOGGED 1min

CHANNEL 6 ppm NOT LOGGED 1min

CHANNEL 7 ppm NOT LOGGED 1min

MEMORY MODE WRAP
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Appendix B
period, zoom in to any portion of the 24-hour period for finer detail, or center 
the graph on a specific point in time. 

Selecting the Channel

Note: Only the channels for 
which logging has been enabled 
will be listed. 

1. Press DISPLAY DATA soft key from the Main Menu to display a list of 
logged channels.

2. Highlight the desired channel using the up and down arrow soft keys then 
press the SELECT soft key. 

Tabular or Graph Format

1. Highlight the desired display method using the up and down arrow soft 
keys then press the SELECT soft key.

11:00 AM 21 - APR - 01 DISPLAY DATA

SELECT FLOW

RAINFALL

RETURN

PH

11:00 AM 21 - APR - 01 DISPLAY DATA

SELECT DISPLAY DATA

DISPLAY BY GRAPH

RETURN

Table 1 Display Data Functions and Descriptions

Function Description

Display Data by Table

View from start: Displays the data for the selected channel beginning with the first (oldest) data point in 
memory. 

View from end: Displays the data for the selected channel beginning from the most recent point in memory.

View from time/date: Displays the data for the selected channel beginning from any desired time and date. 
Enters a new desired time and date.

Note: Totals displayed are calculated by summing the logged data. If the date selected precedes available 
logged data (memory has wrapped), the total will be incorrect.

Display Data by Graph

Graph day: Displays data for a specified date. Data for the selected date is graphed from midnight to midnight.

Graph point in time: Displays data for a specified time and date. The graph displays three hours of data with 
the selected point in the time at the corner of the graph.

Graph partial day: Zooms in on a portion of the logged data.
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Appendix B
Graph Manipulation

Graphic Display Averaging
The 900 MAX Sampler can display a graph that consists of a maximum of 
180 individual dots. Since a 24-hour period could contain as many as 
1,440 data points (assuming a one-minute recording interval, one reading 
each minute) it would be impossible to plot every data point on the graph.

When more than three hours (more than 180 minutes worth) of data is 
graphed, the data points must be averaged. When graphing a partial day of 
three hours or less, all data points are graphed with no averaging.

When viewing a graph with more than 180 data point, zoom in to the area of 
interest (using the Graph Partial Day option) before all of the individual data 
points are displayed.

Sample History
Sample History displays a running history of the sampling program. Displays 
include sampler number, date and time of each sample, the bottle number it 
was put in, and the results of the sample cycle. Result messages include:

Table 2 Graphing Functions and Descriptions

Functions Description

Status Bar

Displays the time, date, measured value, and unit of measure at the intersection of the data cursor. Placing the 
cursor’s data on the status bar eliminates the need for X or Y axis labels and provides a larger graph viewing 
area.

Moving the Data Cursor with the Arrow Keys

The data cursor appears as a vertical line in the center of the graph. Move the data cursor to the left or right by 
using the soft keys or the numeric keypad.

Moving the Data Cursor with the Numeric Keypad

The keys 0–9 represent a percentage of full scale. Pressing a numeric key on the keypad while a graph is 
displayed causes the data cursor to jump to the location on the graph that is represented by that key.
For example, pressing the 0 key moves the data cursor to the far left end or 0% position on the graph. Pressing 
the 5 key moves the data cursor to the middle or 50% position of the graph. Pressing the 9 key moves the cursor 
to the 90% position.

Next Channel Soft Key

Graphs data from the next logged channel. For example, if the 900 MAX Sampler is logging Level, Flow, and pH 
and the Level graph is currently displayed, the NEXT CHANNEL soft key causes the Flow channel to be 
graphed. Pressing Next Channel again will create a graph for pH channel. Pressing NEXT CHANNEL again 
returns to the Level graph, selects a time period of interest, and compares different graphs.

Message Results

Success Sample taken as expected.

No Liquid No liquid was detected at the liquid sampler.

Key Press A key was pressed twice during pumping, canceling that sample.
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Appendix B
Options Menu Features

1. From the Main Menu, select OPTIONS.

Optional Programs

• Time and Date for internal real-time clock

• Calibrate the sample volume

• Advanced Features

• Adjust level readings of optional integral flow meter

Setting the Time and Date

1. From the Main Menu, select OPTIONS>TIME/DATE

2. Adjust the real time clock and date setting, using the CHANGE AM/PM soft 
key and the CHANGE MONTH soft key.

Volume Calibration
From the Main Menu, select OPTIONS> VOLUME CALIBRATION.

The liquid sensor on the 900 MAX Sampler offers unparalleled sample 
accuracy and repeatability. For most site conditions, no volume calibration is 
necessary, and the volume collected is accurate within 10% of the requested 
volume. To improve volume accuracy to 5%, or when sample volume accuracy 
is adversely affected by unusual site conditions (such as the sample source 
located higher than the sampler pump), or when the liquid sensor is disabled, 
then volume calibration should be performed. 

Sensor Disabled
When the sensor is disabled, you must calibrate the sample volume(s). 
If more than one volume is programmed (such as when using storm water or 
upset sampling), you must calibrate each volume independently 
(see chart below).

11:00 AM 21 - APR - 01 OPTION MENU

TIME / DATE
VOLUME 

CALIBRATION

ADVANCED
OPTIONS

LEVEL
ADJUST

READY TO START

11:00 AM 21 - APR - 01 TIME / DATE

ACCEPT
CHANGE
AM / PM

_ _: _ _ AM _ _ -APR- _ _ 

CLEAR
ENTRY

MODE: 12-HR FORMAT
CHANGE 

MONTH

USE +/- KEY TO CHANGE 12/24 HR FORMAT
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Sensor Enabled
When the sensor is enabled, and volume calibration is selected, a single 
manual calibration is taken. It does not matter if multiple volumes are 
programmed (such as when using stormwater or upset sampling). When the 
sensor is enabled, a single “Manual Calibration” choice provides sufficient 
information to adjust the sensor to all programmed volumes 
(see table below).

Calibration Procedure—Sensor Disabled:

Note: Before calibrating, make 
certain the desired sample volume 
in the Setup menu is selected.

1. From the Main Menu, press the OPTIONS soft key. 

2. Press the VOLUME CALIBRATION soft key

3. Select the desired volume to calibrate if more than one is listed 
(see chart above).

4. Slip the pump tube off the sample fitting (near where it exits the pump 
housing) and direct the end of the pump tube into a graduated cylinder.

5. Press the START PUMPING soft key. The pump will purge the line, and 
start pumping a sample.

6. Press any key when the desired sample volume has been reached in the 
graduated cylinder. The pump will stop to allow the line to completely 
drain and then reverse to post-purge the line.

7. If the pumped sample volume is correct, then press the DONE soft key. If 
not, repeat the calibration cycle by pressing the TRY AGAIN soft key.

8. When finished, re-install the pump tube onto the sample fitting.

Note: To check the sample size after calibration use the Manual Mode function key to 
take a grab sample. Do not go back into calibration to check the volume since the 
volume compensation is reset to zero at the start of a calibration.

If one or more Timed Rinses are selected (sensor disabled), then they must 
be calibrated as well. The Timed Rinse will rinse the intake line up to 3 times 
prior to taking a sample. 

Liquid Sampler Available Calibration Volumes

Enabled Manual Calibration

Disabled Main Sample Volume

Disabled/Stormwater
Main Sample Volume

First Flush Volume

Disabled/Upset Sampling
Main Sample Volume

Upset Sample Volume

Disabled/Storm & Upset

Main Sample Volume

Upset Sample Volume

First Flush Volume

Disabled/If Timed Rinse Set Timed Rinse (in addition to the above)
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When calibrating a Timed Rinse, the line is purged, then liquid is pumped 
toward the sensor. When the liquid reaches the predetermined point, press 
any key to stop the pump. The pump will reverse and purge the line. 

Timed Rinse Calibration Procedure—Sensor Disabled:

1. From the Main Menu press the OPTIONS soft key. 

2. Press the VOLUME CALIBRATION soft key

3. Select TIMED CALIBRATE and press the SELECT soft key.

4. Press the START PUMPING soft key. Wait while the pump purges the line, 
it will then start pulling liquid toward the pump.

5. Press any key when the liquid reaches the desired point. The pump then 
reverses to post-purge the line. Stop the pump when liquid has reached 
the point past the sensor, but not into the pump body.

6. If the timed rinse stopped where you wanted, press the DONE soft key. If 
not, repeat the timed rinse cycle by pressing the TRY AGAIN soft key.

Calibration Procedure—Sensor Enabled:

Note: Before calibrating, make 
certain the desired sample volume 
in the Setup menu is selected.

1. From the Main Menu, press the OPTIONS soft key. 

2. Press the VOLUME CALIBRATION soft key

3. Main Calibration is the only choice with the sensor enabled. Press the 
SELECT soft key to select it.

4. Slip the pump tube off the sample fitting (near where it exits the pump 
housing) and direct the end of the pump tube into a graduated cylinder.

Note: To check the sample size 
after calibration use the Manual 
Mode function key to take a grab 
sample. Do not go back into 
calibration to check the volume 
since the volume compensation is 
reset to zero at the start of a 
calibration.

5. Press the START PUMPING soft key. The pump will purge the line, and 
pump a sample into the graduated cylinder. The pump will then stop to 
allow the line to completely drain and finally reverse to post-purge the line.

6. If the sample was taken, then press the DONE soft key. If not, repeat the 
cycle by pressing the TRY AGAIN soft key.

7. After pressing the DONE soft key, a screen will be displayed asking for the 
Actual Volume. This is the volume measured in the graduated cylinder. 
Enter this volume and press the ACCEPT soft key when done. Note that 
the requested sample volume is shown on top for reference.

8. When finished, re-install the pump tube onto the sample fitting.

Data Log
From the Main Menu, select SETUP > ADVANCED OPTIONS > DATALOG.

The 900 MAX Sampler can record up to 116,000 readings from any or all 
input channels and store them in solid state, battery-backed memory for later 
viewing or retrieval.

This option allows the selection of channels to log, how often to log, and how 
to treat the memory when it becomes full (Slate or Wrap).
Page 128
Programming Features



Appendix B
The 900 MAX Sampler has two data logging modes:

• Power Save Mode

• Continuous Mode

Logging Intervals
Logging Intervals are designed to optimize the available memory so that 
readings can be logged for a longer period of time. A logging interval is the 
time period over which readings are taken and then averaged. 

Power Save Mode
Power Save Mode is automatically initiated upon power-up if a battery is 
installed on the sampler. When operating in Power Save Mode, the 900 MAX 
Sampler microprocessor spends most of its time asleep conserving battery 
power. Once per minute, the sampler wakes up, logs the readings from all 
enabled input channels, performs any other necessary functions and then 
goes back to sleep.

Selecting a five minute logging interval means that the readings are still taken 
every minute but the data is not logged until the five minute logging interval is 
up, at which time the readings are averaged over the previous five minutes 
and that average is logged

Continuous Mode
Continuous Mode is automatically initiated upon power up if ac power is 
supplied. The microprocessor stays awake at all times taking readings every 
second. At the end of the logging interval specified, the readings are averaged 
over the previous interval and stored in memory. If you select a one-minute 
logging interval, a reading will be taken approximately every second but no 
data are logged until the logging interval ends. At that time, the readings are 
averaged over the logging interval and only the average is logged. 

If you select a five-minute logging interval, readings are still taken every 
second but the data are not logged until the five-minute logging interval ends. 
At that time, the readings are averaged over the previous five minutes and the 
average is logged.

Extended Power Mode
Extended Power Mode provides additional battery life by keeping a 900 MAX 
Sampler powered down during the entire logging interval. For example, if a 
logging interval of five minutes is selected, the 900 MAX Sampler stays 
asleep until the five minutes has expired. It then wakes up, takes a reading, 
logs it in memory and then goes back to sleep for another five minutes. The 
900 MAX Sampler does not wake up every minute as it does in normal 
Power Save Mode.

Selecting a five minute logging interval in Extended Power Mode cause a 
reading to be taken every five minute and the reading is logged. All channels 
must share the same logging interval.
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Note: The Review All Items 
selection from the Setup menu 
indicates the maximum available 
logging hours for the channels and 
recording intervals you selected. 
The sampler calculates this 
information when the program is run 
using the RUN/STOP key.

Longer logging intervals result in a longer total recording time. Lower 
resolution also occurs since more averaging is done at higher logging 
intervals. You should choose the shortest logging interval possible, while still 
making data collection convenient. If possible, visit the site once per month to 
collect data, and then pick a logging interval that almost fills memory over the 
course of one month.

For example, if the sampler is equipped with the standard complement of 
RAM memory (128K) and only one channel is logged, then a 2-minute logging 
interval would take 24 days to completely fill the available memory 
If, on the other hand, you chose a 1-minute logging interval, the memory 
would become full after 12 days.

Dynamic Memory Allocation 
The 900 MAX Sampler uses a management scheme called “Dynamic 
Memory Allocation.” All readings are logged in battery-backed Random 
Access Memory (RAM). RAM memory is allocated to each channel 
dynamically during operation. If one channel is logging at 5-minute intervals 
and a second channel logging at 1-minute intervals, the sampler automatically 
configures memory so that both channels fill memory at the same time. Five 
times as much memory is assigned to the channel that is logging at 1-minute 
intervals than the channel that is logging at 5-minute intervals.

Memory can be configured in two ways:

Slate Memory Mode 
Slate mode causes logging to stop when memory becomes full. The sampler 
continues to operate but no more data is logged. Use this mode if you don't 
want to lose any data from the beginning of the logging period.

Table 3 Logging Intervals vs. Total Recording Time for Each Memory Configuration*

Logging Interval

Total Recording Time (days) before 
memory is full, with 128K Bytes of 

RAM (standard) 
(approx. 18,482 readings)

Total Recording Time (days) before 
memory is full with 512K Bytes of 

RAM (optional) 
(approx. 115,630 readings)

1 12.15 80.55

2 24.30 161.10

3 36.45 241.65

5 60.75 402.75

6 72.90 483.30

10 121.50 805.50

12 145.80 966.60

15 182.25 1208.25

20 243.00 1611.00

30 364.50 2416.50

60 729.00 4833.00

* Assuming one logged channel.

• Slate Memory Mode • Wrap Memory Mode
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Wrap Memory Mode
In Wrap mode, when memory becomes full, the oldest reading is discarded 
each time a new reading is taken. When memory becomes full, the sampler 
continues to operate and log data. This mode is best used if you are 
interested in the most recent data readings.

Memory Mode Configuration
To configure the Memory Mode for either Slate mode or Wrap mode:

1. Select DATA LOG from the Advanced Options menu.

2. Select MEMORY MODE using the up and down arrow soft keys, then press 
the ACCEPT soft key to continue.

3. Press the CHANGE CHOICE soft key to pick either Slate or Wrap, then 
press the ACCEPT soft key to complete your selection.

Data Logging Configuration
To configure the 900 MAX Sampler for data logging:

Note: If logging is enabled on any 
channel, then that channel will have 
an arrow in front of it to signify that 
the channel is logged.

1. Select DATA LOG from the Advanced Options menu.

2. Highlight Select Inputs using the up and down arrow soft keys and then 
press the SELECT soft key to continue.

3. Highlight the channel you wish to log using the up and down arrow soft 
keys, then press the SELECT soft key to continue.

4. Press the CHANGE CHOICE soft key to cycle between Logged and Not 
Logged, then press the ACCEPT soft key to continue.

5. Enter a logging interval using the numeric keypad, then press the ACCEPT 
soft key to continue. Valid logging intervals are shown on the status bar 
along the bottom edge of the display for your reference. 

6. Select another channel to configure or press the RETURN soft key to 
back up one step or press the MAIN MENU function key to return to the 
Main Menu display. 

Diagnostics
From the Main Menu, select OPTIONS> ADVANCED OPTIONS > DIAGNOSTICS.

In addition to the automatic diagnostics that are performed upon power up, 
the following manual diagnostics are available:

Distributor Test
The distributor positions the sample tube over the appropriate bottle during 
multiple bottle sampling. If the distributor arm is obstructed or if a problem 
exists with the distributor assembly, the arm will not position over the desired 
bottle correctly.

• Distributor Test • LCD Test

• Event List • Liquid Sensor

• Keypad Test • Velocity Analysis
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This test assumes that 24 bottles are installed which is the most difficult to 
position for the distributor (the most stops and the smallest bottle mouth). 
Upon selecting the Distributor Test, the arm returns to the bottle #1 position 
then moves one bottle at a time for all 24 bottle positions. The arm then 
reverses direction and again stops at all 24 positions on its way back to the 
bottle #1 position. Make sure no obstructions interfere with the distributor 
arm rotation.

Event List
The Event List diagnostic provides a time/date stamped list of significant 
events occurring in the sampler. You can review these events to find out when 
an event occurred and what events preceded or followed the event of interest. 
Events may be viewed in chronological order from the beginning or end of the 
event list by selecting View From Start or View From End. 

The event list cannot be erase, even when the program is started. Up to 200 
events are logged before the list wraps around and the oldest entry is 
discarded as each new entry is posted.

Logged events include:

Keypad Test
Keypad Test provides a simple means of verifying the operation of all front 
panel keys. Selecting Keypad Test from the diagnostics menu will bring up the 
following screen:

Pressing any key on the front panel (except for the upper left soft key will 
cause that key label to appear in the center of the display.

All numeric keypad keys, soft keys, and function keys may be tested in this 
manner. To end, press the QUIT soft key (this also verifies the upper left soft 
key operation).

LCD Test
Display Test allows you to verify that all pixels in the Liquid Crystal Display 
(LCD) are functional. The LCD is made up of 14,400 pixels that are turned on 
and off as needed to create the display of graphics and text. Each individual 
pixel is turned on and off by its own transistor, which means that if a transistor 
failed, the pixel might not turn on, which could cause an unreadable or 
confusing display.

• Power On/Off • Alarm Activation/De-activation

• Level Adjustments • Calibration

• Program started, stopped, 
halted, or resumed.

• Missed Samples (if liquid sensor 
is enabled)

• Error Messages

11:00 AM 21 - APR - 01 KEYPAD TEST

QUIT

KEYPAD PRESSED:

5

PRESS ANY KEY
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Selecting LCD Test from the Diagnostics menu will cause the display to 
become black for 3 seconds. This allows you to verify that all pixels are 
functional. A defective pixel will stand out as a white dot in the field of black 
dots. A message, “The display will remain inverted for 3 seconds” is shown for 
2 seconds followed by a 3 second period with all dots turned on.

Liquid Sensor
The liquid sensor contains a high frequency sound transmitter and receiver. 
High frequency sound waves are sent through the silicone pump tubing by 
vibrating a piezo-electric crystal. They are picked up on the other side of the 
tubing by a receiving crystal acting much like a microphone. Since sound 
waves travel much more efficiently through a liquid than they do through air, 
the receiving crystal gets a much louder signal when water passes through 
the tubing in the sensor. The signal from the receiving crystal is converted to a 
voltage which is proportional to the signal strength. This voltage is used by the 
900 MAX Sampler microprocessor to sense the exact moment water reaches 
the sensor. The liquid sensor compares the voltage (signal strength) when the 
tubing is dry (such as when purging the line) to the voltage when the tubing is 
full of water (such as when pumping a sample). The dry verses wet voltage 
reading must be at least 0.8 V dc higher than the 0.3 volts, when liquid is 
sensed it would be 1.1 volts or higher.

The Liquid Sensor is designated as #1. The diagnostic screen displays the 
voltage coming from the sensor electronics. Should a problem arise where the 
liquid sensor is not reliably sensing the liquid, (inaccurate sample volumes, 
water getting to the bottle during an intake rinse, purge failure), use of the 
Liquid Sensor diagnostics values will provide valuable information as to the 
sensor sensitivity.

Velocity Analysis
A velocity probe must be installed in the flow stream and be connected to the 
meter in order for this diagnostic to work. This diagnostic allows you to view a 
‘real time’ reading directly from the Submerged Area Velocity Probe. It will 
show you the current velocity Signal Strength (percentage of Doppler signal 
returning to the probe) and a ‘real time’ velocity measurement of the flow 
stream. Use this diagnostic to determine if you have the probe mounted for 
optimal velocity measurement. The closer to 100% the Signal Strength is, the 
more stable the velocity reading will be. If the signal seems low (50% or less), 
it may be due to improper installation of the probe or a lack of particulate in 
the flow stream.

11:00 AM 21 - APR - 01 VELOCITY ANALYSIS

SIGNAL STRENGTH: 90‰

VELOCITY: 7.00 fps

RETURN
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Thermal System

The 900MAX All Weather Refrigerated Sampler Thermal Control System is 
designed to maintain the temperature of water-based samples deposited in 
containers within the sample compartment at a set point temperature (set 
point temperature range = 2 to 10 °C) ±1 °C over an ambient temperature 
range of -40 to +50 °C.

The Thermal Control System is microprocessor controlled, utilizing (sharing) 
the Sampler Controller microprocessor located on the Sampler Controller 
CPU board. The microprocessor and associated circuitry are connected via 
cable to the Thermal Control Interface located in the Power Supply/Thermal 
Control assembly. Thermal Control Interface circuitry and associated sensors 
provide temperature data to the microprocessor. Also, Thermal Control 
Interface circuitry receives control signals from the microprocessor and 
controls the major thermal components (compressor, fan and heaters).

Temperature of the sample compartment is sensed by the Reference 
Temperature Sensor. The Reference Temperature Sensor is comprised of an 
electronic sensing device (thermistor) embedded in a thermal mass.   This 
thermal mass, sized to simulate 150 mL of water, introduces a calculated 
thermal time constant into the temperature sensing system. Use of a thermal 
mass results in temperature readings/recordings that are more representative 
of the actual sample (and not the sample compartment air temperature) and 
also results in fewer compressor starts (i.e., less mechanical wear on 
compressor due to starting).

Note: The refrigerator compressor 
will not come on when you turn on 
the power. A timer within the 
microprocessor is invoked every 
time the compressor is turned off. 
Subsequent compressor operations 
cannot occur until the timer has 
expired. This timer is also invoked 
upon initial power up, preventing 
short cycling due to momentary 
power failures. 

The microprocessor turns the compressor or evaporator heater on or off 
based on temperature information gathered by the Reference Temperature 
Sensor. If ambient temperatures are hot, compressor operation is called for.   
The compressor is turned on when the sample compartment temperature 
rises above the defined ON threshold and is turned off when the sample 
compartment temperature drops below the defined OFF threshold. If ambient 
temperatures are cold, evaporator heater operation is called for. The 
evaporator heater is turned on when the sample compartment temperature 
drops below the defined ON threshold and is turned off when the sample 
compartment rises above the defined OFF threshold. During periods when 
the ambient temperature is near the sample compartment set point 
temperature, both compressor and evaporator heater operation are possible; 
however, the compressor and evaporator heater are never on at the same 
time (except during the compressor exercise mode). 

The Thermal Control System provides frost free operation. This is 
accomplished through use of temperature information from the Evaporator 
Temperature Sensor. Each time the compressor turns on, the system first 
checks the evaporator temperature. If the evaporator temperature is below 
freezing (0 °C), it is determined that frost or ice has built up on the evaporator 
plate. The evaporator heater is turned on and the evaporator temperature is 
monitored. Once the evaporator temperature rises above freezing, it is 
determined that no more frost or ice exists and the evaporator heater is turned 
off. Normal compressor operation follows. 

The Thermal Control System controls operation of the compressor heater and 
optional sampler controller compartment heater. This is accomplished 
through use of temperature information from the Ambient Temperature 
Sensor. Ambient temperatures above 10 °C inhibit heater operation. As 
ambient temperatures drop below 10 °C, these heaters are modulated on and 
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off as a function of ambient temperature using a 5-minute period. At 10 °C, 
heaters are off (0% duty cycle). At –15 °C, both heaters are on for 2.5 minutes 
and off for 2.5 minutes (50% duty cycle). At –40 °C, both heaters are on 
continuously (100% duty cycle). 

The Thermal Control System provides two other unique features. The first is 
the compressor exercise mode. According to the compressor manufacturer, 
the compressor should be “exercised” or run during periods of non use (e.g., 
cold weather operation). During periods of non use, the compressor is turned 
on once every 7 days (at midnight) and run for a period of 5 minutes. The 
second unique feature is short cycle prevention. Again, according to the 
compressor manufacturer, the compressor should never be short cycled (i.e., 
started within 5 minutes of its last operation). Short cycling can cause 
compressor damage. 

Thermal System Diagnostics Screen Contents

• Cabinet Temperature (representative of typical sample temperature)

• Evaporator Temperature (temperature of evaporator plate)

• Outside Air Temperature (ambient air temperature)

• Calibration Offset (offset that results from thermal setup calibration)

• Set point (user-defined sample temperature)

• Heater Status (On/Off)

• Compressor Status (On/Off)

• Exercise Timer Status (Time until compressor is exercised)

• Short Cycle Timer (Time until compressor is allowed to start)

Load Program
From the Main Menu, select OPTIONS> ADVANCED OPTIONS> 
LOAD PROGRAM.

The 900 MAX Sampler stores up to five sets of program instructions. Each 
program consists of entries made in the Setup Menu and the Advanced 
Options Menu.

The 900 MAX Sampler is shipped with PROGRAM #1 as the loaded program. 
To see what program is currently loaded, press the REVIEW ALL ITEMS soft 
key in the Setup Menu. All program entries made in the Setup Menu and the 
Advanced Options Menu pertain to the currently loaded program. To change 
programs, select the program number (1–5), in the Load Program menu, then 
make the desired changes in both the Setup Menu and the Advanced 
Options Menu. 

To load a new program

1. Highlight Load Program in the Advanced Options Menu, then press the 
SELECT soft key.

2. Enter a number from 1 to 5 using the numeric keypad, then press the 
ACCEPT soft key. 

The Site ID is also displayed on the Load Program Menu for your reference. 
The Site ID can be modified in the Setup menu.
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Screen Saver Mode
From the Main Menu, select SETUP > ADVANCED OPTIONS > 
SCREEN SAVER MODE.

The power required to properly light the LCD can consume valuable battery 
life. Screen Saver Mode is a power saving feature of the 900 MAX Sampler.

Battery Power
When the sampler senses that it is operating on battery power, Screen Saver 
Mode conserves battery life by automatically turning the LCD display off after 
3 minutes of keypad inactivity. Pressing any key will turn the LCD display back 
on. No configuration is required; the meter automatically senses ac or battery 
operation on power up. 

ac Power
When operated under ac power, Screen Saver Mode can be enabled or 
disabled manually. Enabling the Screen Saver when operating on ac power 
will prolong the life of the LCD display by minimizing its use.

To change the Screen Saver mode:

1. Highlight SCREEN SAVER MODE on the Advanced Options Menu using 
the up and down arrow soft keys, then press the SELECT soft key. 

2. Press the CHANGE CHOICE soft key to select a new Screen Saver Mode 
(Enabled or Disabled).   When you have made your selection, press the 
ACCEPT soft key to save your changes.

Flow Totalizer
The Flow Totalizer consists of three numeric counters that keep track of the 
total flow being measured. Two software totalizers are standard with a third 
external mechanical totalizer as an option. The two software totalizers consist 
of a resettable totalizer and a non-resettable totalizer. Both totalizers are set 
to zero upon program start.

Scaling multipliers are provided to allow tailoring of the totalizer response to 
meet the requirements of the application. Some applications with high flow 
rates will require a high scaling factor, while low flow rates will require a low 
scaling factor.

The scaling factor is displayed whenever a total flow number is displayed. 
As indicated in the Status Screen below, the total flow is displayed as 
“TOTAL (x1000): 465 gal.” Multiplying the displayed total flow by the scaling 
factor (1000) gives an actual total flow of 465,000 gallons.

1. From the Main Menu, select OPTIONS> ADVANCED OPTIONS > FLOW 
TOTALIZER to display the Modify Setup, Reset, and View Total screen. 

11:00 AM 21 - APR - 01 STATUS SCREEN

LEVEL: 8.688 in.

FLOW: 71.39 mgd

TOTAL (X1000): 465 gal

pH: 7.2 pH

BATTERY: 16.9 volts

RUNNING
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Modify Setup
Modify Setup selects a totalizer scaling factor and a flow unit of measure. 

1. Highlight MODIFY SETUP using the up and down arrow soft keys.

2. Press the SELECT soft key to continue.

3. Set the Totalizer Scaling factor using the CHANGE CHOICE soft key. All 
three totalizers are scaled with one of seven scaling factors: X1, X10, 
X100, X1000, X10,000, X100,000 or X1,000,000. The selected scaling 
factor always applies to all totalizers. Press the CHANGE CHOICE soft key 
to cycle through the available scaling choices.

4. Press the ACCEPT soft key to continue.

5. Set the Total Flow Units using the CHANGE CHOICE soft key to cycle 
through the choices. Total Flow Units are independent of the flow units 
selected in the Setup Menu. Flow units of measure include: 

6. Press the ACCEPT soft key to continue.

Reset (Totalizer)
The non-resettable totalizer will only be reset if one of the following 
conditions occur:  

Note: The totalizer cannot be reset manually.

1. Select RESET from the TOTALIZER menu. A confirmation message will be 
displayed. 

2. Press the YES soft key to reset the totalizer or press the NO soft key to not 
reset the totalizer.

To reset both software totalizers at once, start a program with the 
RUN/STOP key.

Note: If any type of condition occurs, both the resettable and the 
non-resettable totalizers are reset. The resettable totalizer can be used to 
total flow over a finite period and can be reset as often as desired without 
affecting the other totalizers.

View Totals

To view the current totals of both the resettable and non-resettable totalizers, 
press VIEW TOTALS from the Totalizer menu. Both totalizer values will appear.

• Acre-feet • Liters • Gallons

• Cubic Feet • Cubic Meters 

• Change in totalizer scaling • Change in primary device

• Change in totalizer units of 
measure

• Start of new program
Page 137
Programming Features



Appendix C Troubleshooting and Error Messages

Error Messages

Error Message Reason

*****Warning!*****

Logged data will be lost if you choose to continue? Yes/No.
Making a program change when a program is halted.

• A minimum of 4 points are required.
• The entered level value must be greater than the 

previous value.
• No values have been entered in the selectable table.

When entering level-flow or area-level tables, or when 
attempting to use the tables, a minimum of 4 points must be 
entered to create a valid table, and level values must 
increase value as they are entered.

Bottle number must be: 1–xx

(where xx = #bottles in the tray).
When selecting a bottle to move to after selecting distributor 
movement from the manual menu screen.

Bottle quantity must be: 1, 2, 4, 8, 12, 24. An invalid bottle quantity was entered.

Calibration requires a minimum submersion of six inches. Level sensor calibration of the bubbler or submerged sensor.

Day must be: 01—xx (where xx is the last day in month). Invalid number when setting a date.

Distributor movement halted due to key press.
A key was pressed during the distributor test (diagnostics) or 
distributor movement from the manual menu screen.

Error: Distributor arm is not functioning properly!
The distributor test failed due to an arm obstruction, cable 
not installed properly, or defect in the distributor assembly.

Function disabled while a pgm is running. Use run/stop key.
Attempted to use manual menu functions or the distributor 
test while the program is running.

Hours must be: 00—23. Invalid number entered when setting a time, 24-hour format.

Hours must be: 01—12. Invalid number entered when setting a time, 12-hour format.

Incorrect password! Access denied. Incorrect password was entered (password is 9000).

Interval must be: 000:01–xxx:xx 
(where xxx:xx is max. interval).

An invalid duration (hrs:min) was entered.

Invalid floating point format, only one decimal point allowed. A number was entered with two or more decimal points.

Logging intervals must be: 1,2,3,5,6,10,12,15,20,30,60. An invalid logging interval was entered.

Minutes must be: 00—59. Invalid number entered when setting a time.

No changes allowed while a pgm is running. Use run/stop key.
An inaccessible selection was made on a menu screen. Stop 
the program before proceeding.

No retries are possible when the liquid sensor is disabled.
Occurs if Sample Retries is selected from the Modify 
Selected Items scrolling list, and liquid sensor are disabled. 
Enable liquid sensor to use retries.

No year entered. Invalid number entered when setting a date.

pH calibration failed—gain and/or offset out of range. 
Try again.

The pH calibration calculations yielded an invalid number. 
Try fresh buffers or a new probe. 

Pumping took too long, please try again.

Occurs when the maximum time for timed calibration of a 
sample volume (or rinse) is exceeded (the maximum is 
65000 tens-of-milliseconds, which is roughly equal to 
10.5 minutes).

• Sampling halted because of key press.
• Sampling halted because the bottle is full.
• Sampling halted due to fluid presence after pre-purge.
• Sampling halted during rinse—no liquid detected.
• Sampling halted due to fluid presence after rinse purge.
• Sampling halted—no liquid detected during sample phase.

May occur at the end of a sample attempt. Messages are 
self explanatory. Investigate the tubing setup from strainer to 
liquid sensor. Strainer may be plugged or out of water. 
Tubing may not be installed properly in liquid sensor.

Sensor output voltage too low—cannot calibrate.
The D.O. calibration yielded an invalid result. Try another 
probe.

Setpoint Sampling and Storm Water cannot both be enabled.
Enabled Setpoint Sampling with Storm Water enabled, or 
enabled Storm Water with Setpoint Sampling enabled.
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Stormwater mode is not allowed when the sampler is 
configured with one bottle.

Tried to enable Storm Water with a single bottle.

The program cannot start: timed rinse required.
Occurs if the liquid sensor is disabled and timed calibration 
has not been performed for the rinse cycle.

The program cannot start: the primary device is not properly 
set up.

If the operator goes partially through the flow meter setup 
screens but stops before entering all necessary parameters. 

The program cannot start: volume calibration required.
If the liquid sensor is disabled and timed calibration has not 
been performed for the main sample, the first flush or the 
upset sample volume.

The program setup needs flow to be logged at an interval
< or = to the flow time limit.

If an alarm, setpoint or stormwater uses flow rate-of-change 
as a trip point.

The program setup needs rain to be logged at an interval < or = 
to the rainfall time limit.

If an alarm, setpoint or stormwater uses rainfall as a 
trip point.

The signal did not stabilize in time—calibration failed.

When calibrating pH, process temperature, ORP, D.O., D.O. 
temperature, conductivity, or conductivity temperature, the 
signal from the probe did not respond within the calibration 
time limits. Replace buffer solutions (if applicable) or try 
another probe.

• The time entered is before the first logged value. Data will 
be display from beginning.

• The time entered is after the last logged value. Data will be 
displayed from the end.

When selecting the time/date for graphing and the selected 
beginning or ending time falls outside the range of data.

The value must be: xxx—yyy 
(xxx is minimum, yyy is maximum).

The value entered was out of the legal range, when 
changing any numeric parameter. The appropriate range is 
always displayed on the bottom line on the entry screen.

• This program stop is prior to the last program start.
• This program start is prior to the last program stop.

When entering start/stop times. Start/stop times must be 
entered in chronological order.

Timed bottle sets are not allowed unless distribution is 
bottles-per-sample mode.

Tried to enable Timed Bottle Sets when bottles per sample 
have not been specified (the bottles-per-sample is used as 
the bottle set quantity).

Timed bottle sets are not allowed when the sampler is 
configured with one bottle.

Tried to enable Timed Bottle Sets with a single bottle.

Times cannot be more than 24 hours apart.
When selecting a start and stop time for a graph display the 
limit (due to screen resolution) is 24 hours.

Too few bottles—review timed bottle sets, upset sampling, & 
stormwater. Minimum needed:

Occurs if there are not enough bottles to perform all the 
various functions. Either install more bottles or decrease 
number if programmed functions.

Too many alarms and setpoints have been requested.
Occurs if more than 20 alarm and setpoint conditions are 
set. Storm Water start conditions use one or two setpoints.

• Too many samples-per-bottle for the bottle volume.
• The sample volume is too large for the bottle volume.

Occurs when the sample volume is checked, if the 
requested sample volume is too big to fit in the bottle.

Upset sampling is not allowed when the sampler is configured 
with one bottle.

Tried to enable Upset Sampling with a single bottle.
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Trouble Alarm Conditions, Causes, and Solutions 

Trouble Condition Cause Solution

Low Main Battery Power supply voltage is less than 11 V dc. Change batteries.

Memory Battery Internal memory battery voltage is too low. Change memory batteries. 

Low Slate Memory
Free slate memory is less than 20%. RAM 
memory is almost full and will stop 
recording soon.

Download data from unit, halt and restart the 
program or download data, halt, and change 
data to wrap mode.

Slate Memory Full
No more slate memory. Unit is in slate memory 
mode and cannot log any more data.

Download data and restart the program or 
download data then change the 
memory mode.

Modem Failure Unable to initialize modem PCB.
If the modem is enabled, the problem may be 
found on the modem board and the board 
may need to be replaced.

Missed Sample Sample cycle did not result in getting a sample. —

Purge Failure Sensor(s) still detecting liquid after a line purge. —

Jammed Distributor Distributor arm has jammed on an obstruction. Remove obstruction.

Unable to Cool
Refrigeration system is unable to reduce 
temperature in refrigeration compartment to 
user defined setpoint.

—

Unable to Heat
Heater is unable to increase temperature in 
refrigeration compartment to user defined 
setpoint.

—

U-Sonic Echo Loss
The echo has been temporarily deflected by a 
change in site conditions such as floating debris 
or foam in the channel, wind, etc.

Check for excessive foam. Remove any debris 
or build-up.

Xducer Ringing Transducer is operating within the deadband, —

U-Sonic Failure
Transducer not plugged in. Cable damaged. 
Transducer thermal sensor damaged.

Check that the transducer is plugged in and 
that there is no damage to the sensor.

RS485 Timed Out

Communication error between CPU and remote 
ultrasonic module.

—

CPU is not communicating with the 
Velocity board.

Wait a few minutes to see if it goes away, if it 
continues it is an indication that there is a 
problem with the CPU board.

Not receiving a good velocity reading.

If the logging interval is 1 or 2 minutes and 
conditions are poor with the problem 
continuing indefinitely, try increasing the 
logging interval to allow more time to capture 
the signal.
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Downlook Ultrasonic Sensor Troubleshooting

Problems Causes Solutions

RS485 Time Out—Did not get a 
reading with the specified time 
allotted.

CPU is having trouble communicating 
with the Ultrasonic board. 

Wait a few minutes and see if the condition 
goes away. If it continues there amy be a 
problem in the Ultrasonic, Velocity, or 
CPU board.

Difficulty receiving a velocity reading. Indicates an internal problem.

Loss of Ultrasonic as Level 
Measuring Device

Blown fuse on CPU board. 
Replace fuse. The fuse is located in position 
F-1 under the gray ribbon cable that connects 
at position J-1.

Problem with the ultrasonic board. Replace if necessary.

U-Sonic Echo Loss—Flow Meter 
Not Receiving a Return Echo 
from the Ultrasonic Transducer.

Excessive foam on the water surface 
causes sound waves to be absorbed 
rather than reflected.

Check for excessive foam.

Sensor is nicked, cut, or improperly 
installed.

Check for nicks, cuts, and check the
sensor installation.

Sensor must be level for proper return
of signals.

Make sure the ultrasonic transducer is level.

Convection currents are present which 
varies the speed of sound.

Try shielding the transducer from convection 
currents. Echo loss should not exceed more 
than two hours.

Temperature calibration set up incorrectly. 
Extreme high or low temperature 
indicates a bad temperature transducer in 
the temperature sensor.

Go through the temperature calibration 
procedure and determine what the 
temperature the unit is sensing. Replace 
transducer if necessary.

U-Sonic Failure—No Signal from 
the Ultrasonic Transducer.

Transducer is not connected.
Check the ultrasonic sensor connection on the 
flow meter.

Cut or broken cable. Check for any knick or cuts in the cable.

Unusual temperature or inability to read 
new calibrated level.

Re-calibrate the unit.

XDucer Ringing—False Return 
Echo mask Real Echoes.

Liquid is too close to the transducer.
Try moving the transducer farther from the 
liquid. 

Obstructions under the transducer.
Check for obstructions on the front and sides 
of the transducer.

Coating on the face of the transducer.

Clean the transducer face. If this is a constant 
problem, try coating the face of the transducer 
with a very thin film of silicone grease to keep 
the debris from collecting.

The transducer resonates against steel 
mounting rails.

Use the proper rubber isolation washers.

No Change in Level Readings or 
Inaccurate Level Readings.

—
Check the logged data to see when this 
started to occur. Go to the event log to see if 
anything happened during the same time.

Calibration Re-calibrate the unit.

Bad transducer. Try a different transducer.
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Appendix C
pH Troubleshooting

Symptom Possible Cause Solution

Meter continuously 
reads pH 14 or drifts 

above 14.

Open circuit in either 
glass or reference 

electrode.

• Inspect the cable and connector of the faulty electrode for evidence of 
a crushed or broken cable jacket or brittleness of the cable due to 
exposure to heat. Discard the electrode if damage is present.

• Manipulate meter/electrode connections to check for intermittent 
continuity. Replace if faulty.

• Inspect the bulb, making sure it is filled with solution. If not, shake 
down (like a clinical thermometer) to displace air in the pH bulb. Retest.

• Inspect the bulb for signs of coating.

Temperature is 
constant or incorrect.

Interface is wired 
wrong.

Check interface wiring.

Thermistor is open.
Check interface wiring. Check for open at electrode RTD wire. Disconnect 
to make measurement. (Should read approximately 100–110 ohms.)

Electrode won’t 
calibrate.

Gain or offset error.

• Ensure that solutions are fresh and labeled properly.
• Confirm that electrode and buffer temperatures have stabilized.
• Confirm that the wetting cap is removed.
• Check bulb for cracks or other damage.
• Confirm that interface wires are connected properly.
• Check interface connections for corrosion.

Slow response and/or 
erratic readings.

Very high impedance 
in either glass or 

reference electrode.

• Inspect the pH bulb for coating or clogging. If present, clean 
thoroughly.

• Keep the electrode wet at all times. If it dries out, the impedance will 
increase dramatically. To restore performance, soak in 0.1 N HCI 
(Cat. No. 1481253) for 30 minutes and rinse well with distilled water.

• Chemical degradation of pH glass can occur rapidly in a high 
temperature or high pH environment, yielding sluggish response. Low 
temperature environments can double the impedance for every 8 °C 
drop below 25°C.

• A high impedance electrode is extremely sensitive to electrical noise, 
e.g., oscillating electrical fields generated by motors, generators or 
discharges from electrical thermostats. A free-hanging cable swinging 
due to air currents will also generate erratic signals. 

• Manipulate electrode cable and connections to check for intermittent 
continuity. Replace as necessary. 

Ground loop problem.

• Check to see if the ground wire is connected properly at the pre-amp 
junction box.

• Check for continuity between the stainless steel lug on the electrode 
and the ground wire at the interface.

Temperature is 
incorrect. 

See “Temperature” symptom in this table.

No response to pH 
change.

Cracked glass bulb.
If the electrode gives readings between 5.8 and 6.2 pH in all solutions, 
inspect the glass bulb. If damaged, discard.

Short Circuit.
If a constant reading of 7.0 pH or 0.0 mV is obtained, inspect the cable. 
If no visible damage exists, remove the connector and test for a short 
circuit. Replace if faulty.

High impedance 
bridge.

Inspect the connector for moisture or corrosion. If wet, rinse well with 
distilled water and dry thoroughly. Determine the cause of wetness and 
correct it.
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Appendix C
900 MAX All Weather Refrigerated Sampler Troubleshooting Issues

Problem Cause Solution

Instrument Will Not Power 
Up With ac Power.

Blown Fuse.
Check the 5 amp fuse located on the back of 
the controller.

Circuit breaker issue. Check the circuit breaker for the main power.

Breaker is good, but still no power. Check to see if the outlet is receiving power.

Breaker and outlet are good, still no power. Try using a battery or another power supply

Sampler Will Not Create 
Sufficient Lift.

If any of the holes on the anchor strainer is 
not submerged the sampler will not create
a lift.

Make sure the anchor strainer is completely 
submerged.

Intake tubing is nicked or has a small hole. Replace with new tubing.

Worn roller assembly and/or pump tubing. Replace assembly and/or tubing.

Inaccurate Sample Volumes.

The volume was calibrated incorrectly the 
first time.

Make sure the proper calibration method is 
used for the site conditions (Auto or Timed 
calibrate).

Incorrect intake tube length is programmed in 
the sampler.

Re-enter the tube length. 

Intake tubing is not completely purging.
Place the tubing at a downward slope from the 
sampler to the liquid source.

Anchor stainer is intermittently submerged.
Install the shallow depth anchor strainer, 
(Cat. No. 2071 or 4652).

Worn roller assembly and/or pump tubing. Replace assembly and/or pump tubing.

When using “Timed Calibrate” (liquid sensor 
disabled) variable lifts will cause variable 
sample volumes.

Enable sensor and calibrate volume if site 
conditions allow.

Liquid sensor is not functioning properly.
Check the liquid diagnostics screen for 
valuable information about sensor sensitivity.

RPM of the motor vary. Replace motor if necessary.

Submerged Pressure 
Sensor level readings are 
inaccurate or no change in 
level readings.

Improper calibration. Make sure the unit has been calibrated.

Desiccant is pink. Replace the desiccant.

The sensor was not acclimated to the air 
temperature before calibrated.

Re-calibrate the sensor making sure the 
temperature of the sensor is at ambient 
temperature.

Water or debris in the atmospheric 
reference tube.

Clean the area and re-calibrate. To reduce 
debris collecting on the cable and mounting 
band, route the cable along the edge of the 
band and wrap the cable and mounting band 
with plastic tape. The cable should exit at or 
near the top of the pipe to keep it out of the 
flow stream.

Level is trending downward because of debris 
at the diaphragm. 

Remove the plate and carefully clean the 
transducer. Re-calibrate the sensor.
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Appendix D How to Calculate Pulses/Counts

The 900 MAX Sampler is equipped to receive either a momentary dry contact 
closure or a +5 to +12 V dc pulse from a flow meter, where each pulse 
represents a known flow increment.

For example, if the flow meter is set to send a flow pulse for every 1,000 
gallons of measured flow and the sampler can count 1 to 9,999 flow pulses 
between sample intervals, you can program the sampler to receive 10 pulses 
between samples to take one sample for every 10,000 gallons of liquid flow. 

To determine the number of flow pulses between sample intervals, you must 
determine the total number of samples (represented by n in the following 
examples) to be collected, and the period of time over which they are to be 
collected. You must also know the total flow, Q, during the sampling program. 
The following two-step method should be useful for determining the value for 
INTV = _ _ _ _ CNTS during setup.

1. Determine f, where f represents the flow increment between samples and 
n represents the total number of samples to be collected.

2. Multiply the flow increment between samples, f, by the pulse frequency 
output of the flow meter (i.e. 1 pulse per 100 gallons, 1 pulse per 1,000 
gallons, etc.). If the pulse frequency output of the flow meter is not known, 
consult the flow meter manufacturer.

Note: The final result is not necessarily a whole number. You must round off the result 
to the nearest whole number.

Flow-Proportional Sampling Intervals - Using External Pulses
Our samplers are equipped to receive either a momentary dry contact closure 
or +5 to +12 V dc pulse from a flow meter, where each pulse represents a 
known flow increment. 

Example 1
You want to collect 35 samples over a 24-hour period. The total expected flow 
over this period is 235,000 gallons. The flow meter pulse frequency is 
one pulse for every 100 gallons.

1. Determine the flow increment between samples:

2. Multiply the flow increment, f, by the pulse frequency output of the flow 
meter.

Therefore, the value for INTV = _ _ _ _ CNTS is 67. 
(67.14 is rounded off to 67.)

Example 2
You want to collect 24 samples over an 8-hour period. The total expected flow 
over this 8-hour period is 85,000 gallons. The flow meter pulse frequency 
output is one pulse for every 50 gallons.

1. Determine the flow increment between samples:

f Q
n
----=

f Q
n
---- 235,000 gallons

35 samples
------------------------------------------ 6,714 gallons/sample= = =

6,714 gallons/sample 1 pulse
100 gallons
------------------------------× 67.14 pulse/sample=

f Q
n
---- 85,000 gallons

24 samples
--------------------------------------- 3,542 gallons/sample= = =
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Appendix D
2. Multiply the flow increment, f, by the pulse frequency output of the flow 
meter. 

Therefore, the value for INTV = _ _ _ _ CNTS is 71. 

Example 3
You want to collect 48 samples over a 16-hour period. The total expected flow 
over this period is 1,750,000 gallons. The flow meter pulse frequency output is 
one pulse for every 1,000 gallons.

1. Determine the flow increment between samples:

2. Multiply the flow increment, f, by the pulse frequency output of the flow 
meter. 

Therefore, the value for INTV = _ _ _ _ CNTS is 36. 

Flow Proportional Sampling, External—Using 4–20 mA Signal Converted to Pulses, Flow Signal Interface
The Flow Signal Interface (Cat. No. 2021) is an optional 4–20 mA interface 
that converts 4–20 mA current signals (from a flow meter) to 12 V dc pulses.

At 20 mA, the interface transmits 10 12-volt pulses per minute. As the current 
signal decreases, the 12 V pulses decrease proportionally. Typically, users 
collect a certain number of samples over a given period of time when 
sampling in proportion to the flow rate. 

To calculate the number of 12 V dc output pulses between samples, 
determine the total number of samples (represented by n in the following 
examples) that you want to collect, and the period of time over which you want 
to collect them. Use the three-step method presented below to determine the 
“Total Count” value that you will enter while programming the Setup section of 
the sampler.

1. Calculate Q, where Q is the average flow rate (during the sampling 
program) divided by the maximum flow rate. (The maximum flow rate 
corresponds to the 20 mA output of the flow meter.)

2. Calculate t, where t is defined as a/n; n is the total number of samples 
collected over a given period of time; and a represents time in minutes, 
over which n samples are collected.

3. Multiply Q x t x 10. Enter the result in the programming step: 
INTV = _ _ _ _ CNTS.

Note: The product of Q x t x 10 is not necessarily a whole number. You must round off 
the result to the nearest whole number.

Use the following examples to help you determine the value that you need to 
enter when programming for sampling based on counts.

3,542 gallons/sample 1 pulse
50 gallons
---------------------------× 70.84 pulse/sample=

f Q
n
---- 1,750,000 gallons

48 samples
----------------------------------------------- 36,458 gallons/sample= = =

36,458 gallons/sample 1 pulse
1,000 gallons
-----------------------------------× 36.458 pulses/sample=
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Appendix D
Example 1
You want to collect 24 samples over a 24-hour period on a 4–20 mA flow 
proportional basis.

Average Flow Rate = 3.5 mgd (average flow rate over the 24-hour period) 
Maximum Flow Rate = 10 mgd
a = 1440 minutes

1. Calculate Q.

2. Calculate t.

3. Multiply Q x t x 10. 

 
Therefore, the value entered for INTV = _ _ _ _ CNTS is 210.

Example 2
You want to collect 48 samples over a 24-hour period on a 4–20 mA flow 
proportional basis.

Average Flow Rate = 1.75 mgd (average flow rate over the 24-hour period) 
Maximum Flow Rate = 3 mgd
a = 1440 minutes

1. Calculate Q.

2. Calculate t.

3. Multiply Q x t x 10. 

Therefore, the value entered for INTV = _ _ _ _ CNTS is 175.

Example 3
You want to collect 96 samples over a 24-hour period on a 4–20 mA flow 
proportional basis.

Average Flow Rate = 0.52 mgd (average flow rate over the 24-hour period) 
Maximum Flow Rate = 2 mgd
a = 1440 minutes

1. Calculate Q.

2. Calculate t.

3. Multiply Q x t x 10. 

Therefore, the value entered for INTV = _ _ _ _ CNTS is 39.

Q Average Flow Rate
Maximum Flow Rate
------------------------------------------------------ 3.5 mgd

10 mgd
--------------------- 0.35 mgd= = =

t a
n
--- 1440 min

24 samples
------------------------------ 60 min/sample= = =

0.35 mgd 60 min/sample× 10× 210=

Q Average Flow Rate
Maximum Flow Rate
------------------------------------------------------ 1.75 mgd

3 mgd
------------------------- 0.583 mgd= = =

t a
n
--- 1440 min

48 samples
------------------------------ 30 min/sample= = =

0.583 mgd 30 min/sample× 10× 174.9=

Q Average Flow Rate
Maximum Flow Rate
------------------------------------------------------ 0.52 mgd

2.0 mgd
------------------------- 0.26 mgd= = =

t a
n
--- 1440 min

96 samples
------------------------------- 15 min/sample= = =

0.26 mgd 15 min/sample× 10× 39=
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Appendix D
Example 4
You want to collect 32 samples over an 8-hour period.

Average Flow Rate = 70 gpm (average flow rate over the 8-hour period) 
Maximum Flow Rate = 210 gpm
a = 480 minutes

1. Calculate Q.

2. Calculate t.

3. Multiply Q x t x 10. 

Therefore, the value entered for INTV = _ _ _ _ CNTS is 50.

Example 5
It is desired to collect 30 samples over a 2-day period.

Average Flow Rate = 0.25 cfs (average flow rate over the 48-hour period) 
Maximum Flow Rate = 1 cfs
a = 2,880 minutes

1. Calculate Q.

2. Calculate t.

3. Multiply Q x t x 10. 

Therefore, the value entered for INTV = _ _ _ _ CNTS is 240.

You will notice from the previous five examples that the average and 
maximum flow rate can be expressed in any units, i.e. mgd, gpm, cfs, etc. 
However, express the average and maximum flow rate in the same units for 
any given situation.

Q Average Flow Rate
Maximum Flow Rate
------------------------------------------------------ 70 gpm

210 gpm
----------------------- 0.33 gpm= = =

t a
n
--- 480 min

32 samples
------------------------------- 15 min/sample= = =

0.33 mgd 15 min/sample× 10× 49.5=

Q Average Flow Rate
Maximum Flow Rate
------------------------------------------------------ 0.25 cfs

1 cfs
--------------------- 0.25 cfs= = =

t a
n
--- 2,880 min

30 samples
------------------------------- 96 min/sample= = =

0.25 cfs 96 min/sample× 10× 240=
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Appendix E Assembly Drawings

900 MAX All Weather Refrigerated Sampler Assembly Drawing (1 of 7)

Table 4 Parts List for Assembly Drawing 1 of 7 

Item Description Quantity Catalog Number

1 Hook & Loop Fastener 2 8791

2 Hook Fastener 1 8792

3 Battery Pack 1 8765

4 C-Cell Battery 2 2709

5 Power Supply Cable Assembly 1 8793

6 Distributor Cable Assembly 1 8623

7 Nut 17 SE 301

8 Lock Washer 17 SE 306

9 Desiccant Bag 1 8849

10 O-Ring (O-ring Lubricant SE 1048) 1 8606

11 Screw 17 SE 343

12 Overlay 1 8807

1

2

3

4

5

6

7

8

9

10

11

12
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Appendix E
900 MAX All Weather Refrigerated Sampler Assembly Drawing (2 of 7)

1

3

4

2

5
6
7

8

9

10

11
12
13
14

15

16

17

Table 5 Parts List for Assembly Drawing 2 of 7

Item Description Quantity
Catalog 
Number

Item Description Quantity
Catalog 
Number

1 Screw 4 SE 244 10 Screw 4 SE 738

2 Bracket 1 8898 11 Overlay, Fuse Holder 1 1436

3 Display Assembly 1 8911 12 O-ring, 1 x 10 mm 1 3319

4 Screw 4 SE 105 13 O-ring 1 3321

5 Screw 1 SE 214 14 Fuse, 5 A, 250 V, slow blow 1 8753

6 Washer 1 SE 208 15 Fuse Holder, 5 x 20 mm 1 3320

7 Bracket, Desiccant Card 1 2594 16 Gear Box Assembly 1 8910

8 Humidity Indicator Card 1 2660 17 Cable Assembly, Motor 1 8859

9
Cable Assembly, Fuse 
Holder

1 3146
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Appendix E
900 MAX All Weather Refrigerated Sampler Assembly Drawing (3 of 7)

Table 6 Parts List for Assembly Drawing 3 of 7 

Item Description

1 Sub Probe

2 Relay Option

3 Bubbler

4 pH/ORP

5 Gearbox Assembly (Cat. No. 8910)

6 Fuse Assembly (Cat. No. 3229)

7 DO & Conductivity

8 3 Channel Data Log

9 CPU

10 AUX

11 Distributor

12 Sensor 2

13 Sensor 1

14 Black TB3

15 Shield TB2

16 Clear TB1

17 4–20 mA 

1

2

3

4

Insert wires into motor
terminals from the gearbox
side. Solder wires directly to
the motor terminals. Snip excess
wire

5

78

11

12

13

15

14

16

17

6

10

9
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Appendix E
900 MAX All Weather Refrigerated Sampler Assembly Drawing (4 of 7)

Table 7 Parts List for Assembly Drawing 4 of 7

Item Description QTY
Catalog 
Number

Item Description QTY
Catalog 
Number

1 Copper Tube, ¼ OD 1 1965 14 Fan Motor Bracket 1 8692

2 Quick Disconnect Terminal 2 SE 892 15 Lock Washer 4 SE 704

3 Fan Motor 1 8548 16 Hex Nut 4 SE 701

4 Fan Blade 1 8550 17 Primer 1 SE 1051

5 R134A Shroud 1 8554 18 Adhesive 1 SE 893

6 Condenser 1 8553 19 Compressor Heater 100/120 V ac 1 8689

7 Support Plate 1 8556 20 Lock Washer 1 SE 405

8 Compression Fan Cable Assembly 1 8589 21 Screw 1 SE 430

9 Screw 4 SE 430 22 120 V Compressor 1 8546

10 Screw 4 SE 709 23 Flat Washer 4 SE 703

11 Drier Assembly 1 8552 24 Lock Washer 4 SE 704

12 Screw 4 SE 717 25 Hex Nut 4 SE 701

13 Copper Tubing 3/16 OD 1 2864

1
2

3

4

5

6

7

8

9
10

11

12

13

14

15

16
17

18
19

20

21

22

23

24

25

Wiring Diagram

Fan
Motor

White Wire
Black
Wire

Green
Wire
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Appendix E
900 MAX All Weather Refrigerated Sampler Assembly (5 of 7)

Table 8 Parts List for Assembly Drawing 5 of 7 

Item Description Quantity
Catalog 
Number

Item Description Quantity
Catalog 
Number

1 Gasket 1 2962 22 Molded Thru Fitting 1 8936

2 Cable Feed Thru Fitting 1 8734 23 Adhesive 1 SE 1054

3 Adhesive 1 SE 979 24 Bottle Positioner Plate 1 8733

4 Bracket 1 8738 25 Screw 4 SE 702

5 Lid Support Bushing 1 8824 26 Cabinet Assembly 1 8790

6 Adhesive 1 SE 977 27 Wire Tubing Exit Bracket 1 8737

7 Screw 4 SE 408 28 Screw 2 SE 445

8 Lock Washer 4 SE 401 29 Nut Rivet 3 SE 446

9 Bracket 1 8836 30 Strain Relief 1 8889

10 Nut 2 SE 446 31 Lock Washer 3 SE 401

11 Fitting 1 1794 32 Screw 3 SE 416

12 Gasket 1 2885 33 Vibration Mounting 4 8709

13 Fitting 1 2045 34 Adhesive 4 SE 979

14 Lid Latch 1 8896 35 Molded Fitting 1 8936

15 Lock Washer 2 SE 306 36 Adhesive 1 SE 979

16 Screw 2 SE 323 37 Evaporator Feed Thru 1 8750

17 Tubing Feed Thru Fitting 1 8736 38 Adhesive 1 SE 979

18 Lock Washer 2 SE 401 39 Molded Fitting 1 8936

1

2
3

4
5 & 6
7
8
9
10
11
12
13

14
15
16

17

18
19

20

21

24

25

26

27

28

29
30
31
32

33 & 34

35 & 36

37 & 38

39 & 40

41 42

22 & 23
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Appendix E
900 MAX All Weather Refrigerated Sampler Assembly Drawing (6 of 7)

19 Screw 2 SE 408 40 Adhesive 1 SE 1054

20 Sensor Assembly 1 8728 41 Power Supply Cable Assembly 1 8786

21 Bracket 1 8731 42 Nylon Nut 1 8774

Table 8 Parts List for Assembly Drawing 5 of 7  (continued)

1

2

3

4

5

6

7

8

9

10

Heat Exchanger
To Be Wrapped
With

Apply Adhesive to
Entire Surface

11

Table 9 Parts List for Assembly Drawing 6 of 7

Item Description Quantity
Catalog 
Number

Item Description Quantity
Catalog 
Number

1 Adhesive 1 SE 893 7
Evaporator Temp. Sensor 
Assembly

1 8726

2 Evaporate Heater, 100/120 V ac 1 8687 8 Screw 1 SE 408

3 Heat Exchange 1 8551 9 Insulator Cork Tape 1 SE 941 

4 Evaporator 1 8730 10 Threadlock 1 SE 957

5 Grommet Seal 1 1297 11 Cable Tie 1 SE 817

6 Aluminum Rivet Nut 1 SE 446
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Appendix E
900 MAX All Weather Refrigerated Sampler Assembly Drawing (7 of 7)

Table 10 Parts List for Assembly Drawing 7of 7

Item Description Quantity
Catalog 
Number

Item Description Quantity
Catalog 
Number

1 Cable Tie 1 SE 817 6 Washer 4 SE 704

2 Wire-Hold Down 1 7289 7 Nut 4 SE 701

3 Final Cabinet Assembly 1 8700 8 Washer 3 SE 708

4 120 V Refrigerator Assembly 1 3546 9 Screw 3 SE 702

5 Power Supply Cord 1 8853 10
Power Junction Assembly
Thermal Control

1 8725

9

10

2

3

4

5

7

8

1

6
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GENERAL INFORMATION
At American Sigma, customer service is an 
important part of every product we make.

With that in mind, we have compiled the following 
information for your convenience.

Page 157
GENERAL INFORMATION



Parts and Accessories

Base/Bottle Tray, Composite/Multiple Sampling Accessories

Intake Tubing and Strainers

Pump Tubing

Sampler Bottle Type

Part Number

Bottle
Full Bottle 
Shut-Off

Tube 
Support

Extension
Tube

Bottle
Tray/Positioner

Retainer Distributor

Composite

2.5 gal. Glass 6559 8847 8838 3527 N/A N/A N/A

3 gal. Poly. 1918 8847 8838 3527 N/A N/A N/A

6 gal. Poly. 6494 8847 8838 N/A N/A N/A N/A

Multiple 
Bottle

(24) 1 L Poly. 737 N/A N/A N/A 1511 1322 8841

(24) 350 mL Glass 732 N/A N/A N/A 1511 1056 8841

(8) 2.3 L Poly. 657 N/A N/A N/A 1511 1322 8842

(8) 1.9 L Glass 1118 N/A N/A N/A 1511 1322 8842

(4) 3 gal. Poly. 2315 N/A N/A N/A N/A N/A 8843

(4) 2.5 gal. Glass 2317 N/A N/A N/A N/A N/A 8843

(2) 2.5 gal. Glass 2318 N/A N/A N/A N/A N/A 8843

(2) 3 gal. Poly 2316 N/A N/A N/A N/A N/A 8843

Intake Tubing Description Part Number

Vinyl

25 ft 3/8 in. ID Tubing 920

100 ft 3/8 in. ID Tubing 923

500 ft 3/8 in. ID Tubing 924

Teflon Lined
Requires Connection Kit (P/N 2186).

10 ft 3/8 in. ID Tubing 921

25 ft 3/8 in. ID Tubing 922

100 ft 3/8 in. ID Tubing 925

Connection Kit 2186

Strainer Description Part Number

Teflon/Stainless Steel
Teflon/Stainless Steel, 5.5 in. long x 0.875 in. OD 926

Teflon/Stainless Steel, 11.0 in. long x 0.875 in. OD 903

Stainless Steel

All 316 Stainless Steel, 7.94 in. long x 1.0 in. OD 2070

All 316 Stainless Steel, for Shallow Depths, 6.0 in. long x 0.406 in. OD 2071

High Velocity and Shallow Depths, 3.9 in. long x 0.406 in. OD 4652

Type Description Part Number

For 900 Series Peristaltic Pump

Pump Tubing, 15 ft long 4600-15

Pump Tubing, 50 ft long 4600-50

Pump Tube Insert 8888

For All Distributors and 800 Series Peristaltic Pumps
Distributor Tubing, 15 ft long 3866-15

Distributor Tubing, 50 ft long 3866-50
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Parts and Accessories
Area x Velocity Measurement Sensors

Depth Measurement Sensors

Option Description
Part Numbers

Connectors Bare Leads

Standard Submerged 
Area/Velocity Sensor

Factory Installed Integral Area x Velocity Flow Meter Option

Note: Factory Installed Integral Depth Only Flow Meter Option is not available 
with this option.

4041 4041

Standard Sensor, Range 0–10 ft (requires cable P/N 3564) 88000 88001

Standard Sensor, Range 0–30 ft (requires cable P/N 3564) 88002 88003

Cable, sold by the ft, specify length needed per sensor.
Min=10 ft Max=250’

3564 3564

Junction Box, required for bare lead sensor connection to flow meter. N/A 4730

Remote AV, use when the flow meter to sensor distance is greater than 
250 ft (requires cable SE 818 and sensor).

5250 5250

Remote AV Cable, sold by the ft, specify length needed per sensor.
Min=10 ft Max=1,000’

SE 818 SE 818

Keppler Submerged 
Area/Velocity Sensor
For cleaner water/few 
particulates.

Factory Installed Integral Area x Velocity Flow Meter Option

Note: Factory Installed Integral Depth Only Flow Meter Option is not available 
with this option.

4041 4041

Standard Sensor, Range 0–10 ft (requires cable P/N 3564) 88012 88013

Standard Sensor, Range 0–30 ft (requires cable P/N 3564) 88014 88015

Cable, sold by the ft, specify length needed per sensor.
Min=10 ft Max=250’

3564 3564

Junction Box, required for bare lead sensor connection to flow meter. N/A 4730

Remote AV, use when the flow meter to sensor distance is greater than 
250 ft (requires cable SE 818 and sensor).

5250 5250

Remote AV Cable, sold by the ft, specify length needed per sensor.
Min=10 ft Max=1,000’

SE 818 SE 818

Option Description Part Number

Ultrasonic Sensor
40 kHz

Factory Installed Integral Ultrasonic Flow Meter Option 3758

 40 KHz Range 0–10 ft, with 25-ft cable 3028

Ultrasonic Sensor with Horn, 40 KHz, with 25-ft cable 4008

Ultrasonic Sensor, CSA Approved for Class I, Division I, Groups A, B, and D Hazardous 
Locations; with 50-ft cable

4010

Ultrasonic Sensor, 40 KHz, Range 0–10 ft, with 25-ft cable with bare lead ends. 2653

Junction Box for ultrasonic sensor conduit installations 3658

Depth Sensor

Factory Installed Depth Only Flow Meter Option

Note: Factory Installed Integral Area x Velocity Flow Meter Option is not available with Factory 
Installed Integral Depth Only Flow Meter Option

8794

General Purpose Depth Sensor, Range 0–0.576 ft with 25-ft cable 2963

Range 0–10 ft with 25-ft cable 2343

Range 0–23 ft with 50-ft cable 2333

Note: Ultrasonic and depth sensor cables cannot be extended.
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Parts and Accessories
Sensor Mounting Hardware

Type
Pipe Diameter

(Inches)

Part Number

Mounting Ring/Band Mounting Clip

Submerged Area/Velocity Sensor 
Mounting Rings For 6–24 in. Pipes

6 1361 3263

8 1362 3263

10 1363 3263

12 1364 N/A

15 1365 N/A

18 1366 N/A

20–21 1353 N/A

24 1370 N/A

Submerged Depth/Velocity Mounting 
Bands for 15–42 in. Pipes

15 9706100 N/A

18 9706200 N/A

21 9706300 N/A

24 9706400 N/A

27 9706500 N/A

30 9706600 N/A

33 9706700 N/A

36 9706800 N/A

42 9706900 N/A

45 3766 N/A

Submerged Depth Only Sensor 
Mounting Ring for 6–24 in. Pipes

6 1361 1771

8 1362 1771

10 1363 1771

12 1364 1771

15 1365 1771

18 1366 1771

20–21 1353 1771

24 1370 1771

Submerged Depth Only Sensor 
Mounting Band for 15–42 in. Pipes

15 9706100 1771

18 9706200 1771

21 9706300 1771

24 9706400 1771

27 9706500 1771

30 9706600 1771

33 9706700 1771

36 9706800 1771

42 9706900 1771

Option Description Part Number

Insertion Tool To remove P/N 1361–1370 mounting rings. 9574

Mounting Plate Hardware for Directly Mounting to Pipe Wall

Option Pipe Diameter Part Number 

Submerged Depth/Velocity Mounting Plate All Pipe Sizes 4939
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Parts and Accessories
Factory Installed Options

Submerged Depth Only Mounting Plate All Pipe Sizes 2312

Ultrasonic Sensor Mounting Hardware

Part Description Part Number

Permanent Wall Mounting Bracket 2974

Adjustable for Floor or Wall 2904

Tripod with Mounting Bracket for Sensor 9538

Cable Straightener 2883

Cable Grip (Requires P/N 2883) 3183

Options Description Part Number

Controller 
Compartment Heater

115 V ac 8805

Controller 
Compartment Heater

230 V ac 8808

pH

Note: Requires 
factory installed option 
and probe.

Factory Installed Integral pH-Temp/ORP includes:
Pre-amp Interface (P/N 3323)

Note: pH and ORP cannot be used simultaneously. If the distance from the probe to the sampler is 
greater than 50 ft, order additional SE 813 cable to extend the distance on the Pre-amp 
Interface (max. cable length is 100 ft) pH and ORP probes are not available in lengths longer 
than 50 ft

8793

pH-Temperature Probe (grounded), includes 25-ft cable. 3328

pH Temperature Probe (grounded), includes 50-ft cable. 5172

ORP Probe, includes 25-ft cable 2080

ORP PRobe, includes 50-ft cable 5174

Buffer for pH calibration–4.00 pH (±0.02 pH) 10 capsules in vial. 2104

Buffer for pH calibration–7.00 pH (±0.02 pH) 10 capsules in vial. 2105

Buffer for pH calibration–10.00 pH (±0.02 pH) 10 capsules in vial. 2106

D.O and Conductivity

Note: Requires 
factory installed option 
and probe.

Factory Installed DO and Conductivity Option includes:
Pre-amp Interface (P/N 3369)

Note: If the distance from the probe to the sampler is greater than 50 ft, order additional SE 998 
cable to extend the distance on the Pre-amp Interface (max. cable length is 1350 ft) DO and 
Conductivity probes not available in lengths longer than 50 feet.

3227

DO Kit, includes:
DO Probe with 25-ft cable (P/N 3222)
Box of 25 Teflon Membranes (P/N 3219)
16 oz. Electrolyte Solution (P/N 3221) and Instructions

3216

DO Kit, includes:
DO Probe with 50-ft cable (P/N 5899)
Box of 25 Teflon Membranes (P/N 3219)
16 oz. Electrolyte Solution (P/N 3221) and Instructions

5175

Conductivity Kit, includes:
Conductivity Probe with 25-ft cable (P/N 3223)
16 oz. Calibration Solution (P/N 3765) and Instructions

3225

Conductivity Kit, includes:
Conductivity Probe with 50-ft cable (P/N 5898)
16 oz. Calibration Solution (P/N 3765) and Instructions

5134

First 4–20 mA Output
Includes (P/N 2924) 25 ft cable, 115 V ac 

Note: * If longer than 25 ft cable is needed, order additional SE 813.
8797

Mounting Plate Hardware for Directly Mounting to Pipe Wall
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Parts and Accessories
Support Software and Data Transfer Unit

Second 4–20 mA 
Output

Requires the first 4–20 mA Output and ac power. Does not need cable, it uses the same cable 
from the first set of 4–20 mA 

8798

Alarm Relays

Four (4) Alarm Relays (form C, user assignable with settable trip points). 
Includes 25-ft cable (P/N 2705)

Note: If longer than 15-ft cable is needed, order additional SE 888 cable.

8984

Modem
14,400 Baud, for use with conventional phone lines, DOMESTIC USE ONLY

Note: When ordering flow option and 14.4 Modem, Flow Option must be remote.
1602

Cellular Phone 

Option with a phone (includes modem)

Note: When ordering flow option and 14.4 Modem, Flow Option must be remote.
1669

Option without a phone (includes modem)

Note: When ordering flow option and 14.4 Modem, Flow Option must be remote.
1670

Expanded Memory Increases memory from 18,432 to 116,000 data readings 2861

Rain Gauge

Factory Installed Rain Gauge Option 8800

Rain Gauge with 25-ft cable 2149

Rain Gauge Extension with 100-ft cable 2221

Analog Inputs
Three (3) Analog Input Data Logging Channels, includes 25-ft cable (P/N 2706)

Note: If longer than 25-ft cable is needed, order additional SE 888 cable
8795

Solenoid Valve
2-Way/3-Way Solenoid Valve Option with Pump, no valves 5176

3-Way Solenoid Valve Option with Pump, no valves 5177

Remote Pump
(Recommended for 
vertical lift distances 
between 23-35 ft)

Note: Requires 
factory installed 
option, remote pump 
and connection kit.

Factory Installed Integral Remote Pump Option 8799

Remote Pump (P/N 2241) w/ 35-ft 12 V dc cable (P/N 2247) and 35-ft suspension cable 
(P/N 5225)

2246

Connection Kit: For remote pump with 3/8 in. ID vinyl tubing 2248

Connection Kit: For remote pump with 3/8 in. ID Teflon-Lined tubing 3152

Mechanical Totalizer 6 digit, field selectable, non-resetable (In separate NEMA 4X Enclosure) 8944

ac Back-up Ac Power back-up, battery included 8801

Junction Box NEMA 4X, for ac power conduit 8860

Terminal Box
NEMA 4X, recommended when it is desired to hard wire via conduit. 6-pin auxiliary, 4-20 mA 
output(s), RS232, and modem.

8804

Option Description Part Number

DTU II

DTU II, 115 V ac, includes:
DTU to sampler or flow meter cable (P/N 1726), 115 V ac
DTU to PC Cable, 115 V ac (P/N 3513)

Note: If sampler or flow meter to DTU cable longer than 10 ft is needed, order additional SE 813 cable.

3516

DTU II, 230 V ac, includes:
DTU to sampler or flow meter cable (P/N 1726), 230 V ac 
DTU to PC Cable, 230 V ac (P/N 3580)

Note: If sampler or flow meter to DTU cable longer than 10 ft is needed, order additional SE 813 cable.

3517

Software
InSight® Gold CD ROM: Includes 10 ft sampler or flow meter to PC cable (P/N 1727)

Note: Order additional SE 813 cable if 10 ft or longer cable is needed.
6210000
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Parts and Accessories
Cables and Interfaces

Accessories

Cable Description Part Number 

Multi-Purpose Half Cable, 25 ft with 6 pin connector on one end and 
open leads on the other end.

Note: If cable longer than 25 ft is needed, order additional SE 813 cable. 

Connects a Sigma sampler/flow meter to a 
non-sigma sampler/flow meter.

541

Multi-Purpose Half Cable, 10 ft with 6 pin connector on one end and 
open leads on the other end.

Note: If cable longer than 10 ft is needed, order additional SE 813 cable.

Connects a Sigma sampler/flow meter to a 
non-sigma sampler/flow meter.

941

Multi-Purpose Full Cable, 25 ft with 6 pin connector on both ends.

Note: If cable longer than 25 ft is needed, order additional SE 813 cable. 

Connects a Sigma sampler to a Sigma 
flow meter.

540

Multi-Purpose Full Cable, 10 ft with 6 pin connector on both ends.

Note: If cable longer than 10 ft is needed, order additional SE 813 cable.

Connects a Sigma sampler to a Sigma 
flow meter.

940

Cascade Sampling for 25-ft cable 

Note: If cable longer than 25 ft is needed, order additional SE 828 cable.

Leading sampler wakes up second 
sampler upon program completion.

2817

Synchronized Sampling 25-ft cable 

Note: If cable longer than 25 ft is needed, order additional SE 828 cable.

Both samplers collect samples at the 
same time.

2818

3-Way Splitter Assembly
Simplifies multiple connection to sampler 
6-pin auxiliary receptacle.

939

4-20 mA Interface, 10-ft cable.

Note: If cable longer than 10 ft is needed, order additional SE 853 cable.

Converts analog signals from flow meter to 
pulse. Compatible with 800/900 series 
samplers (10 ppm at 20 mA).

2021

Accessory Description Part Number

All Weather Refrigerator Cabinet 115 V ac 3548

Lid Assembly with latch 8968

Liquid Level Actuator, 25-ft cable

Note: If cable longer than 25 ft is needed, 
order SE 828 cable.

Float switch used to initiate sampler when liquid is detected. 943

Door Assembly 8702

900 MAX Controller Desiccant 
Replacement Parts

Humidity Indicator: For Inside the 900 MAX Controller 2660

Desiccant Bag (1 pillow inside case) 8849

O-Ring, main seal 8606

Desiccant Replacement Parts for 
Submerged Depth/Velocity Probe

Cartridge Assemble, Filled (Replaces entire cartridge) 5059

Refill, 1.5 lb. (refills existing cartridge) 3624

Cartridge Membrane (replaces membrane on existing cartridge) 3390

O-Ring, need to replace in existing cartridge. 5252

Desiccant Replacement Parts for 
Submerged Depth Only Sensor

Desiccant Cartridge 2418

Distributor Arm Only

For 24 Bottle Sampling 8844

For 8 Bottle Sampling 8845

For 2 and 4 Bottle Sampling 8846

Flow-Thru Module Flanged ends, 3 in. diameter, not for pressurized sampling. 2471

Anchor Kit Set of 4, 316 stainless steel; for securing to concrete pad. 8935

Operating Maintenance Manual 900 MAX All Weather Refrigerated Sampler 8854
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Ordering and Technical Support

U.S.A. Customers

Information Required

Ordering Outside the U.S.A.
American Sigma maintains a worldwide network of dealers and distributors. 
To locate the representative nearest you, send E-mail to intl@hach.com or 
visit www.americansigma.com.

Technical Support in the U.S.A. or Outside Europe
Technical and Customer Service Department personnel are eager to answer 
questions about our products and their use. In the U.S.A., call 
1-800-635-1230. Outside the U.S.A. and Europe, send E-mail to 
intl@hach.com.

Technical Support for European Customers
Contact Bühler Montec Group, Ltd.

By Telephone:
(800) 635-4567

By Fax:
(970) 461-3915

Ordering information by E-mail:
sigma@americansigma.com

By Mail:
American Sigma
P.O. Box 389
Loveland, Colorado 80539-0389 
U.S.A

• American Sigma account number 
(if available) 

• Your name and phone number

• Purchase order number 

• Brief description or model number

• Billing address

• Shipping address

• Catalog number

• Quantity

By Telephone:
+44 (0) 161 872 1487

By Fax:
+44 (0) 161 848 7324

By E-mail:
helpdesk@bmgl.com

By Mail:
Bühler Montec Group, Ltd.
Pacific Way
Salford
Manchester
M5 2DL
U.K.
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Repair Service

Authorization must be obtained from American Sigma before sending any 
items for repair. Please contact the American Sigma Service Center serving 
your location.

In the United States or Outside Europe
American Sigma
P.O. Box 389
Loveland, Colorado, 80539-0389 U.S.A.

Telephone: 1-800-635-1230 or (970) 669-3050
Fax: (970) 669-2932

In Europe
Bühler Montec Group, Ltd.
Pacific Way
Salford
Manchester
M5 2DL
U.K.

Fax: +44 (0) 161 848 7324
E-mail: helpdesk@bmgl.com
By Telephone: +44 (0) 161 872 1487
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Warranty

American Sigma warrants this product to the original purchaser against any defects that are due 
to faulty material or workmanship for a period of one year from date of shipment.

In the event that a defect is discovered during the warranty period, American Sigma agrees that, 
at its option, it will repair or replace the defective product or refund the purchase price, excluding 
original shipping and handling charges. Any product repaired or replaced under this warranty 
will be warranted only for the remainder of the original product warranty period. 

This warranty does not apply to consumable products such as chemical reagents; or 
consumable components of a product, such as, but not limited to, lamps and tubing. 

Contact American Sigma or your distributor to initiate warranty support. Products may not be 
returned without authorization from American Sigma.

Limitations
This warranty does not cover:

• Damage caused by acts of God, natural disaster, labor unrest, acts of war (declared or 
undeclared), terrorism, civil strife or acts of any governmental jurisdiction

• Damage caused by misuse, neglect, accident or improper application or installation

• Damage caused by any repair or attempted repair not authorized by American Sigma

• Any product not used in accordance with the instructions furnished by American Sigma

• Freight charges to return merchandise to American Sigma

• Freight charges on expedited or express shipment of warranted parts or product

• Travel fees associated with on-site warranty repair

This warranty contains the sole express warranty made by American Sigma in connection with 
its products. All implied warranties, including without limitation, the warranties of 
merchantability and fitness for a particular purpose, are expressly disclaimed.

Some states within the United States do not allow the disclaimer of implied warranties and if this 
is true in your state the above limitation may not apply to you. This warranty gives you specific 
rights, and you may also have other rights that vary from state to state.

This warranty constitutes the final, complete, and exclusive statement of warranty terms and no 
person is authorized to make any other warranties or representations on behalf of American 
Sigma.

Limitation of Remedies
The remedies of repair, replacement or refund of purchase price as stated above are the 
exclusive remedies for the breach of this warranty. On the basis of strict liability or under any 
other legal theory, in no event shall American Sigma be liable for any incidental or consequential 
damages of any kind for breach of warranty or negligence.
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Numerics
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Safety Precautions

Please read this entire manual before unpacking, setting up,
or operating this instrument. Pay particular attention to all danger and
caution statements. Failure to do so could result in serious injury to
the operator or damage  the equipment.

To ensure the protection provided by this equipment is not impaired,
do not use or install this equipment in any manner other than that
which is specified in this manual.

If multiple hazards exist, this manual will use the signal word
(Danger, Caution,Note) corresponding to the greatest hazard.

Read all labels and tags attached to the instrument. Personal injury or
damage to the instrument could occur if not observed.

This symbol, if noted on the instrument, references
the instruction manual for operation and/or safety information.

Use of Hazard Information

Precautionary Labels

DANGER
Indicates a potentially or imminently hazardous situation which, if not
avoided, could result in death or serious injury.

CAUTION
Indicates a potentially hazardous situation that may result in minor or
moderate injury.

NOTE
Information that requires special emphasis.

!
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Section 1 System Descriptions

1.1 Disclaimer
This manual is intended to provide the refrigeration and air conditioning 
service engineer or end user with helpful information for servicing the All 
Weather Refrigerated Sampler (AWRS).  This manual is not an air 
conditioning, refrigeration, or heating system textbook.

Refrigeration and heating devices are extremely complicated by nature. 
Servicing or repairing these products should be undertaken only by those with 
the knowledge, training, and necessary tools and equipment.  Any attempt to 
adjust or service these products by an unqualified person can result in 
damage to the instrument and lead to severe injury or loss of life.

1.2 System Performance
The Thermal Control System in the Sigma 900 & 900 MAX was designed to 
maintain sample temperatures at a set point temperature range of 35.6 to 
50 °F (2 to 10 °C) plus or minus 1.8 °F (1 °C) over an outdoor (ambient) 
temperature range of -40 to 120 °F (-40 to 49 °C). A refrigeration system 
operates when outdoor temperatures are above the desired temperature and 
a heating system (attached to the back of the evaporator) operates when 
outdoor temperatures are below the desired temperature.

1.3 Thermal Control System
The Thermal Control System is microprocessor controlled. It shares the 
Sampler Controller microprocessor located on the Sampler Controller CPU 
board. The microprocessor and associated circuitry are connected by cable to 
the Thermal Control Interface located in the Power Supply/Thermal Control 
assembly. Thermal Control Interface circuitry and associated sensors send 
temperature data to the microprocessor. Also, Thermal Control Interface 
circuitry receives control signals from the microprocessor and controls the 
major thermal components (compressor, fan, and heaters).

The Reference Temperature Sensor detects the sample compartment 
temperature. The Reference Temperature Sensor is a thermistor that is 
embedded in a large thermal mass. The thermal mass is sized to simulate 
150 mL of water. The mass introduces a calculated thermal time constant into 
the temperature sensing system and produces temperature 
readings/recordings that are more representative of the actual sample (rather 
than the air temperature of the sample compartment). It also results in fewer 
compressor starts, which produce less mechanical wear on the compressor.

The microprocessor turns the compressor or evaporator heater on or off 
based on temperature information gathered by the Reference Temperature 
Sensor. If ambient temperatures are above a defined threshold, the 
microprocessor starts the compressor.   The compressor will turn off when the 
sample compartment temperature drops below another threshold. 

If ambient temperatures drop below a defined threshold, the microprocessor 
initiates heater operation. The heater turns off when the sample compartment 
rises above another threshold. When the ambient temperature is near the set 
point temperature of the sample compartment, alternating compressor and 
heater operation are possible. However, the compressor and heater never 
operate simultaneously, except during Compressor Exercise mode.

The Thermal Control System uses temperature information from the 
Evaporator Temperature Sensor to provide frost-free operation.  Each time the 
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compressor turns on, the system checks the evaporator temperature.  
Evaporator temperatures below freezing (0 °C) indicate that frost or ice have 
built up on the evaporator plate.  This turns the heater on; the evaporator 
temperature is monitored. When the evaporator temperature rises above 
freezing, the frost or ice has melted and the heater turns off.  Normal 
compressor operation follows. 

The Thermal Control System uses information from the Ambient Temperature 
Sensor to control the compressor heater and optional sampler controller 
compartment heater.  Ambient temperatures above 10 °C inhibit heater 
operation.  As ambient temperatures drop below 10 °C, the heaters are 
modulated on and off (as a function of ambient temperature) using a 5-minute 
cycle.  At 10 °C, heaters are off (0% duty cycle).  At -15 °C, both heaters are 
on for 2.5 minutes and off for 2.5 minutes (50% duty cycle).  At -40 °C, both 
heaters are on continuously (100% duty cycle).  

The Thermal Control System provides two other unique features.  The first is 
the Compressor Exercise mode.  According to the compressor manufacturer, 
the compressor should be “exercised” or run during periods of non-use (e.g., 
cold weather operation).  During periods of non-use, the compressor is turned 
on once every seven days (at midnight) and run for five minutes.  

The second unique feature is short-cycle prevention.  Again, the compressor 
should never be short-cycled (i.e., started within five minutes of its last 
operation) because it can cause compressor damage.  Therefore, a timer 
counts down every time the compressor is turned off.  Subsequent 
compressor operations can not occur until the timer has expired.  This timer is 
also initiated upon initial power up, preventing short cycling due to momentary 
plant power failures. 

1.4 Description of the 900/900 MAX Refrigeration System
The refrigeration system is a simple “capillary tube” type system (Figure 1). 
Liquid refrigerant flows from the condenser, through the liquid line, to the 
filter-drier. From the filter-drier, refrigerant flows through the capillary tube. 
The capillary tube meters refrigerant into the evaporator. The liquid refrigerant 
is at high pressure, as it enters the capillary tube at the filter-drier end. The 
capillary tube restricts the refrigerant flow, causing a pressure and 
temperature drop in the evaporator and creating a cooling effect. 

The capillary tube maintains a pressure difference that allows just enough 
liquid to pass through it to make up for the amount that is vaporized in the 
evaporator while the compressor is operating.  The compressor maintains a 
low pressure in the evaporator and the refrigerant boils, rapidly absorbing 
heat.  The vaporized refrigerant moves through the suction line and back to 
the compressor where it is compressed and discharged into the condenser.  It 
cools in the condenser, returns to a liquid and again flows into the liquid line.  

The capillary tube allows the high and low side pressures to equalize when 
the compressor is not operating. This results in easier compressor motor 
starts and increases compressor life expectancy. 

The refrigeration cycle continues until the thermal element (Reference 
Temperature Sensor) is cooled to the set point temperature. When that 
temperature is reached, the thermal element operates the motor control 
mechanism (solid state relay) located in the Power Supply/Thermal Control 
Box and turns off power to the motor. The refrigeration cycle stops. It will 
remain stopped until the thermal element warms up, operates the motor 
control mechanism, and turns on power to the motor. 
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System Descriptions
Figure 1 900/900 MAX Refrigeration System

1.5 Description of the 900/900 MAX Heat System
The heat system is composed of a heater, a compressor heater, and an 
optional sampler controller compartment heater (Figure 2). 

1.5.1 Heater Description
When outside temperatures are below the sample compartment (cabinet) set 
point temperature, the heater maintains the sample compartment set point 
temperature. The heater is controlled by the thermostat (Sampler Controller) 
through a solid state relay in the Power Supply/Thermal Control Box. 

The heater’s secondary purpose is to defrost the evaporator, as required, 
during refrigeration system operation.

Fan

Condenser

Compressor

Filter/Dryer
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System Descriptions
Figure 2 Evaporator (Showing the Heater)

1.5.2 Compressor Heater Description
When outside temperatures are below 10 °C, the compressor crankcase 
needs heat applied to it. 

Liquid refrigerant migration to the compressor occurs naturally within a 
refrigeration system. Liquid refrigerant migration results because oil has a 
great affinity for refrigerant and because the two liquids have different vapor 
pressures.  The lower the temperature of the compressor crankcase oil in 
relation to the rest of the system, the faster and more completely the oil 
absorbs the refrigerant.  

A refrigerant-oil mixture in the compressor will foam violently when the 
compressor starts and can cause all or most of the oil charge to be pumped 
out of the compressor (oil slugging).  The compressor will then try to pump a 
liquid—causing broken valves, damaged pistons, and blown head gaskets.  
Also, a flooded start will deprive cylinders and bearings of proper lubrication. 

Ideally, the compressor heater keeps the compressor crankcase oil warmer 
than the rest of the system. The compressor heater is controlled by the 
thermostat (Sampler Controller) through a solid state relay in the Power 
Supply/Thermal Control Box.

1.5.3 Optional Sampler Controller Compartment Heater
When outside temperatures drop below freezing, the Sampler Controller 
Compartment requires heat to prevent the pump tube from freezing.  The 
Sampler Controller Compartment Heater is controlled by the thermostat 
(sampler controller) through a solid state relay in the Power Supply / Thermal 
Control Box.

Evaporator Heater Evaporator

Temperature Sensor
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Section 2 Troubleshooting

Problem Probable Cause/Solution

The displayed cabinet temperature does not agree with the 
measured cabinet temperature.

The thermal system is out of calibration. Perform a thermal 
system calibration (see page 19).

Cabinet Temp Fault or Unable to Cool appears on the 
Sampler Controller display.  Cabinet temperature is above the 
set point temperature

Refer to 900/900 MAX All Weather Refrigerated Sampler, 
Troubleshooting Chart #1 on page 25

Cabinet Temp Fault or Unable to Heat appears on the 
Sampler Controller display. Cabinet temperature is below the 
set point temperature.

Refer to 900/900 MAX All Weather Refrigerated Sampler, 
Troubleshooting Chart #2 on page 27.

The power is turned on or the unit is plugged in and the 
compressor does not start for five minutes.

This is normal.  The AWRS has a five-minute short cycle 
timer to protect the compressor. You must wait five minutes 
before the compressor will turn on (if called for).

The compressor turns on once every week during cold 
weather operation.

This is normal.  The sampler has an exercise mode where the 
compressor is turned on once per week during cold weather 
operation.  The compressor will remain on for five minutes.
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Section 3 Servicing the AWRS Refrigeration 
System

WARNING
Only a trained and skilled service 
technician should perform 
repairs to this system.

Small, fractional horsepower refrigeration systems and compressors, such as 
the ones used in the AWRS, can be easily damaged. While larger systems 
can be very complex, fractional horsepower systems often require a higher 
level of skill and more meticulous workmanship to service successfully.  For 
this reason, American Sigma recommends using the services of a skilled 
professional.  All repair procedures should be done “by the book”. 

In the event of a compressor failure or any other major problem, contact 
American Sigma before proceeding with repairs. We will advise you 
concerning the most suitable replacement parts or procedures according to 
our most current design revision and we will give you information on any other 
improvements that should be implemented. 

3.1 Required Tools
You must have the following tools to successfully repair an AWRS system. If 
you do not have these tools, contact a trained professional.

• Digital multimeter

• Refrigerant recovery system

• Gauge manifold

• Vacuum pump

• Vacuum manifold and vacuum lines

• Thermocouple vacuum gauge

• Charge scale accurate to 0.24 oz.

3.2 Turning System Power On
1. Confirm that the unit is plugged in and/or the circuit breaker is turned on.

2. Press the ON key located in the bottom right hand corner of the keypad.

3. The On LED should begin to blink and the display should turn on.

Note: The refrigeration system will not start for five minutes after the sampler is 
plugged in/turned on. This provides for compressor “short cycle” protection.

3.3 Turning System Power Off
1. Press the OFF key located in the bottom left hand corner of the keypad.

2. The On LED should stop blinking and the display should turn off.

3.4 Accessing Diagnostic Information on the Model 900 Controller
To access diagnostic information, press the PUMP key followed by the 
TIME READ key.  

Press the TIME READ key to step through the following diagnostic information:

• OUTSIDE TEMP

• CABINET TEMP

• EVAP TEMP

• REFRIG-ON

• REFRIG-OFF

• HEAT-ON
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• CALIB OFFSET 

• SETPT TEMP

The remaining diagnostic information does not pertain to this manual. Quickly 
step through it.

The 900 Controller is the “thermostat”. To determine the cabinet set point 
temperature or the cabinet actual temperature, press the TIME READ key. The 
time and date appear, followed by the cabinet temperature then the cabinet 
set point temperature. 

To adjust the cabinet set point temperature, refer to Parameter Entry Mode in 
the Sigma 900 O & M Manual.

To calibrate the thermal system, refer to the Thermal System Calibration 
Procedure on section 3.17 on page 19.

3.5 Accessing Diagnostic Information on the 900 MAX Controller
To access important diagnostic information, enter the following key strokes:

1. Press MAIN MENU.

2. Press OPTIONS.

3. Press ADVANCED OPTIONS.

4. Highlight DIAGNOSTICS and press SELECT.

5. Highlight THERMAL SYSTEM and press SELECT.

The 900 MAX Controller is the “thermostat”. To determine the cabinet set 
point temperature or the actual cabinet temperature, access the diagnostic 
information above. 

3.6 Adjusting the Cabinet Set Point Temperature on the 900 MAX Controller
Enter the following keystrokes:

1. Press MAIN MENU.

2. Press OPTIONS.

3. Press ADVANCED OPTIONS.

4. Highlight CALIBRATION and press SELECT.

5. Highlight THERMAL SETUP and press SELECT.

6. Highlight THERMAL SETPOINT and press SELECT.

7. Enter the new cabinet set point temperature in °C and press ACCEPT.

To calibrate the thermal system, refer to the Thermal System Calibration 
Procedure.

3.7 Using the Thermostat

3.7.1 Using the Thermostat on the Model 900 Sampler Controller
The Power Supply / Thermal Control Box is located in the compressor 
compartment adjacent to the compressor. Cabinet temperature is controlled 
by the Sampler Controller (Figure 3). 
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Servicing the AWRS Refrigeration System
3.7.1.1 Verifying Cabinet Temperature
1. Press the TIME READ key. After displaying the date and time, the cabinet 

temperature will appear.

Figure 3 900 Sampler Controller

3.7.1.2 Verifying the Cabinet Set Point Temperature:
1. Press the TIME READ key. After observing the date, time, and cabinet         

temperature, the cabinet set point temperature will appear.

3.7.1.3 Resetting Cabinet Set Point Temperature:
1. Refer to Parameter Entry Mode in the Sigma 900 Operation and 

Maintenance Manual.

3.7.2 Using the Thermostat on the 900 MAX Sampler Controller
Cabinet temperature is controlled by the Sampler Controller (Figure 4).
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Figure 4 900 Max Sampler Controller

3.7.2.1 Verifying Cabinet Temperature
1. Press MAIN MENU.

2. Press OPTIONS.

3. Press ADVANCED OPTIONS.

4. Highlight DIAGNOSTICS and press SELECT.

5. Highlight THERMAL SYSTEM and press SELECT.

3.7.2.2 Verifying the Cabinet Set Point Temperature
1. Press MAIN MENU.

2. Press OPTIONS.

3. Press ADVANCED OPTIONS.

4. Highlight DIAGNOSTICS and press SELECT.

5. Highlight THERMAL SYSTEM and press SELECT.

3.7.2.3 Adjusting the Cabinet Set Point Temperature
1. Press MAIN MENU.

2. Press OPTIONS.

3. Press ADVANCED OPTIONS.

4. Highlight CALIBRATION and press SELECT.

5. Highlight THERMAL SETUP and press SELECT.

6. Highlight THERMAL SETPOINT and press SELECT.

7. Enter the new cabinet set point temperature in °C and press ACCEPT.
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Servicing the AWRS Refrigeration System
3.8 Checking the Power
Make sure that the unit is being served by an appropriate power line.  For best 
results, use a dedicated branch circuit to limit the impact of other equipment 
on the AWRS operation. If you know, or suspect, that the line feeding the 
AWRS may be susceptible to “sagging” or occasions of low voltage, make a 
plan for its protection. Line voltage monitors with safety cut-out switches are 
relatively inexpensive and easy to install. Consider one as cheap insurance.

3.9 Checking the Ambient Temperature
Record the temperature in the area. Regardless of the AWRS design 
tolerances, try wherever possible to arrange a working environment of 
60 to 80 °F.

3.10 Performing Diagnostics
First look for the obvious cause of trouble. Check to be sure electrical 
connections are tight and clean. 

Be cautious if the compressor won't run, but is hot. The compressor has an 
internal thermal protector that must be allowed to cool before it will restart. 
Don't ruin an otherwise good compressor by being too impatient to let it cool. 

When trying a restart, confirm that there is adequate line voltage at the 
compressor terminals. If the line voltage is very low, it may be that the 
compressor is indeed failed or failing, or merely means that a starting 
component is defective. Replace the start components and test again before 
changing the compressor. 

3.11 Detecting and Repairing Leaks
When searching for refrigerant leaks, first look for evidence in the form of oil 
deposits or corroded fittings. Use an effective leak detector to narrow down 
your search and finish with a liquid leak finder to pinpoint the leak. Because 
refrigerant can move around and give misleading indications, you'll want to 
see the leak demonstrated with a bubble for positive proof. 

Make the necessary repairs and replace the liquid line drier. Use proper 
refrigerant recovery, piping, evacuation and charging techniques (see 
section 3.13), being sure to comply with applicable regulations. Never operate 
the system if a leak is known to exist. This only delays the inevitable repair 
and may cause compressor failure.

3.12 Compressor Replacement
Contact American Sigma for guidance concerning proper replacement parts.  
Flush the system to ensure that no oil from the previous compressor remains.  
Pour out a little oil from the failed compressor and if appropriate, check for 
acid.  You need to get the system running again, and also determine and 
correct the cause of the failure. 

3.13 Evacuation
In this very important step, you will prepare the system to accept a fresh 
refrigerant charge.  Do not use ordinary charging hoses to evacuate the 
system.  They regularly leak and collect contaminants that will corrupt the 
vacuum.  Use only copper lines or hoses designed specifically for vacuum 
duty.  Apply the vacuum pump and lines to both the high and low sides of the 
system.  Evacuate for as long as is reasonable; from one hour to as long as 
overnight if convenient.  
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While the primary function of the evacuation is to “de-gas” or remove air left in 
the system by the repair procedure, use it for more than that. Use it to make 
sure that no leaks remain in the system. By using a “leak-back” or “pressure 
rise” testing procedure, you can determine the presence of a leak or moisture.

After you have attained a good vacuum (about 20 to 100 microns), record the 
value and shut the main vacuum manifold valve to isolate the vacuum pump 
from the system.  Record the starting time.  After one minute, check and 
record the system pressure.  This first minute allows the pressures in the 
system and manifold to balance and provides a baseline for testing the rate of 
“leak-back.”  Expect a starting value around 100 to 300 microns.

Continue to record the observed pressure values over time, for example, 
every five minutes for a total sampling time of 20 to 60 minutes.  To better 
observe any trends, plot this data on a graph.

When interpreting the trend, four possible results exist (see Figure 5):

1. The pressure values show a steady climb.  This indicates a leak in the 
system or vacuum lines.

2. The pressure climbs to about 1500 microns and stops.  This indicates the 
presence of moisture in the system.

3. The pressure rises but slows down quickly.  This suggests that 
contaminants such as air are present. Repeat the evacuation and 
pressure-rise procedure one or more times.  If air is present, each 
subsequent test will show improvement over the previous test.

4. The pressure rises a bit, then stops.  A value between 100 and 500 
microns indicates that your system is prepared for charging.

Make whatever corrections are indicated by your test.  Repeat the tests until 
you can demonstrate #4, above.

Figure 5 Interpreting the Trend
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Servicing the AWRS Refrigeration System
3.14 Refrigerant Charge
Use care when introducing new refrigerant into the system.  This unit requires 
a “critical charge”. A slight difference in weight is significant! 

Do not leave your gauge manifold connected to the system any longer than 
necessary.  Standard manifolds are notorious for leaks (both in losing 
refrigerant and introducing air), especially after having been in service for a 
few months or longer.

3.15 Test Run Following Repair
Recheck the main power to the unit.  Have a qualified electrician tighten all 
electrical connections in the line, even as far back as the circuit breaker panel.  
Many compressors have been replaced when the problem was a loose 
connection.  Low voltage, for any reason, is very damaging and very common.  

Keep accurate records of your observations.  They may prove invaluable in 
future troubleshooting efforts.

3.16 Routine Maintenance
The AWRS requires little maintenance. The easy checks below will result in 
longer life:

• Condenser and air inlet and outlet grills (the most common and obvious 
routine maintenance function): Set up a schedule suited to your operating 
environment to ensure that these remain clean and unobstructed.

• Door gasket: A deteriorating gasket or door that fails to latch properly or 
consistently will not only compromise the sample compartment 
temperature, it will require much more running time, and will quickly age 
the system.

• Power cord: Don't allow an added extension cord or combine the AWRS 
with other units on the same outlet.

• Clearances: Keep an appropriate air space around the back and sides of 
the unit and don't permit clutter to accumulate on or around the unit.

3.17 Thermal System Calibration Procedure
To verify the cabinet temperature, place a laboratory-grade thermometer into 
a beaker with 150 mL water. Place the beaker into the right rear corner of the 
sample compartment and close the sample compartment door. Allow the unit 
to run for 2 to 3 hours. This will assure equilibrium between the cabinet 
temperature and the water in the beaker.

Compare the cabinet temperature reading from the display with the 
temperature indicated on the thermometer. If the readings do not agree, 
calibrate the Thermal System.

1. Shut off the unit by pressing the OFF key on the sampler controller. 

2. Prepare an ice bath in a 500 mL beaker, using a 50/50 mix of crushed ice 
and water. 

3. Remove the Reference Temperature Sensor (RTS), a cylindrical-shaped 
sensor located in the sample compartment right rear corner, from its 
bracket. Place the RTS and a laboratory grade thermometer into the 
ice bath. 

4. Place the ice bath in the right rear corner of the sample compartment next 
to the RTS bracket. 
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5. With the unit off and its door closed, wait approximately 30 minutes for the 
RTS and laboratory grade thermometer to stabilize temperature within the 
ice bath. 

6. After waiting 30 minutes, mix (swirl) the ice bath.

7. Turn on the unit by pressing the ON key on the controller. 

8. For the 900 controller, with the controller in any one of the three standby 
states (Ready to Start, Program Halted, or Program Complete):

a. Press and hold the CHANGE/HALT key for several seconds until the 
display reads CALIBRATE CABINET TEMP?. 

b. Press the YES/ENTER key and the display will read 
CABINET TEMP = ___ DEG C. 

c. Enter the reading indicated on the thermometer in the ice bath in °C, 
to the nearest 0.1 °C. 

d. Two additional questions will be displayed after the temperature is 
entered. Press the NO/PASS key to each of these questions and the 
controller will return to the standby state.

9. For the 900 MAX controller, enter the following keystrokes:

a. Press MAIN MENU.

b. Press OPTIONS.

c. Press ADVANCED OPTIONS.

d. Highlight CALIBRATION and press SELECT.

e. Highlight THERMAL SETUP and press SELECT.

f. Highlight THERMAL CALIBRATE and press SELECT.

10. Enter the new value read from the thermometer in the ice bath. Enter 
temperature in °C to the nearest 0.1 °C and press ACCEPT.

3.18 Summary
Emphasize to AWRS users the importance of noticing changes in the unit's 
sound or behavior. Early reporting and diagnosis is essential in limiting 
downtime and expense. Whenever doing any work to or around the unit, 
always leave it neat and clean and fully reassembled. Equipment that is 
unsightly will get less care and respect from others. 
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Section 4 Compressor Specifications

Sigma 900 and 900 MAX R-134A (Non-CFC) Compressor Specifications

Matsushita 115 V, 60 Hz Compressor or 100 V, 50 Hz Compressor

Tecumseh, 115 V, 60 Hz Compressor or 100 V, 50 Hz Compressor

Tecumseh, 220 V Compressor

R12 Replacement
If you have an older unit and R12 refrigerant is no longer available in your 
area, Sigma recommends using R406A (Blend) as a suitable replacement 
for R12. 

When using R406A, the charge levels for compressors will be 3.5 oz. due to 
the volume difference in the refrigerants. Take care to avoid overcharging the 

Model No. SD43C90JAU6

HP 1/10

Rated BTUH 461 BTUH

Refrigerant R134A

Oil Charge 7.25 fl. oz.

Refrigerant Charge 6.0 oz.

Running Current Draw approx. 1.6 Amps

Model No. AE1332Y

HP 1/10

Rated BTUH 466 BTUH

Refrigerant R134A

Oil Charge 10.0 fl. oz.

Refrigerant Charge 10.0 oz.

Running Current Draw approx. 2.2 Amps

Model No. AEA1338YXC

HP 1/10

Rated BTUH 466 BTUH

Refrigerant R134A

Oil Charge 10.0 fl. oz.

Refrigerant Charge 8.0 oz.

Running Current Draw approx. 0.95 Amps
Page 21
Compressor Specifications



unit. Contact your local representative or technical support for a supplier of 
R406A in your area.
Visit www.americansigma.com

http://www.americansigma.com


900/900 MAX Thermal Problem Evaluation Fax Back Form

AWRS Thermal Problem Evaluation - 010, American Sigma, Inc., 1-800-635-4567

Detailed description of problem:

DANGER: AC line voltage is exposed (heat sinks, wiring, circuit board, etc.) when power supply/thermal 
control box cover is removed!

Is the AWRS on its own AC power circuit? ❒  Yes ❒  No 

Is the AC power circuit breaker on, is the unit plugged in, and is AC power supplied to the unit? ❒  Yes ❒  No

Is the Sampler Controller fuse good? ❒  Yes ❒  No

Is the Power Supply/Thermal Control Board fuse good? ❒  Yes ❒  No

Are all wires within the Power Supply/Thermal Control Box properly inserted into terminal blocks and tight? 
Be sure that AC power is totally removed from the AWRS during this check! ❒  Yes ❒  No

Is the “On” LED blinking on the Sampler Controller keypad? ❒  Yes ❒  No

If the problem still exists, follow the steps below:
1. Turn the sampler controller off.

2. Open the sample compartment door.

3. Wait 15 minutes.

4. Close the sample compartment door.

5. Turn the Sample Controller on.

6. Wait 5 minutes. 

7. Begin taking readings.

AC Measurements (located in Power Supply/Thermal Control Box)
AC voltage at TB8 (AC line input) ............................................................. __________ V AC
AC voltage at TB4 (evaporator heater) ..................................................... __________ V AC

AC voltage at TB5 (compressor)............................................................... __________ V AC

AC voltage at TB9 (compressor heater).................................................... __________ V AC
AC voltage at TB7 (xformer secondary).................................................... __________ V AC

AC amp draw (AC line feeding AWRS) ..................................................... __________ V AC Amps

To: AWRS Problem Evaluation From:

Company: American Sigma, Inc. Company:

Fax: (970) 461-3915 Fax: 

Date: Evaluated by: Company:

Site ID: Company Phone No.: ( )

AWRS Serial No.: AWRS Model No.:

Compressor Model No.: Compressor Serial No.:
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DANGER: AC line voltage is exposed (heat sinks, wiring, circuit board, etc.) when power supply/thermal 
control box cover is removed!

DC Measurements (located in Power Supply/Thermal Control Box)
DC voltage at TB6C pin 1 (VAD+)............................................................. __________ V DC (A/D 5 volt supply)

DC voltage at TB6C pin2 (ADREF)........................................................... __________ V DC (A/D 2.5 volt reference)

DC voltage at TP1 (EVAPHTR) ................................................................ __________ V DC (0 or 5 volt DC drive signal)

DC voltage at TP2 (COMPFAN) ............................................................... __________ V DC (0 or 5 volt DC drive signal)
DC voltage at TP5 (HEAT) ........................................................................ __________ V DC (0 or 5 volt DC drive signal)

DC voltage at TP8 (AMB) ......................................................................... __________ V DC (Thermistor voltage, outside temp.)

DC voltage at TP7 (REF) .......................................................................... __________ V DC (Thermistor voltage, cabinet temp.)
DC voltage at TP6 (EVAP)........................................................................ __________ V DC (Thermistor voltage, evap. temp.)

Diagnostic LEDs (located in the Power Supply/Thermal Control Box)

Power Supply: ❒  On ❒  Off

Comp Enable: ❒  On ❒  Off

Evap. Heater Enable: ❒  On ❒  Off

Comp./Cntl. Heater Enable: ❒  On ❒  Off

Thermal Diagnostic Display (refer to the Service or Instrument Manual to access the display)

Outside Temp.:__________°C Refrig-On: __________ minutes (900 only)

Cabinet Temp.: __________°C Refrig-Off: __________ minutes (900 only)

Evap. Temp.: __________°C Heat-On: __________ minutes, (900 only)

Calib. Offset (may not yet be implemented): __________°C Setpt Temp. (may not yet be implemented): __________°C

Visual

Is the compressor physically running? ❒  Yes ❒  No

Is the fan physically running? ❒  Yes ❒  No

What is the door gasket condition? ❒  Good ❒  Bad

Has the evaporator appeared heavily frosted lately? ❒  Yes ❒  No

Ambient Conditions

Installation: ❒  Indoors ❒  Outdoors

If outdoors, is it exposed to direct sun? ❒  Yes ❒  No

Local conditions (recent lightning storm, near high voltage lines or microwave tower):

Ambient temperature during test: __________°F

Additional Questions

Date of last thermal calibration? ______/______/______

Was a crushed ice bath used during the thermal calibration? ❒  Yes ❒  No

How long has the AWRS been in service? __________ ❒  Years ❒  Months

Is the evaporator heater warm? (Use caution, it may be hot!) ❒  Yes ❒  No

Has the evaporator heater separated from the evaporator? (Use caution, it may be hot!) ❒  Yes ❒  No

Is the optional Sampler Controller Compartment Heater installed in your unit? ❒  Yes ❒  No
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Appendix A Troubleshooting Flowcharts

900/900 MAX All Weather Refrigerated Sampler, Troubleshooting Chart #1
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Troubleshooting Flowcharts
Troubleshooting Chart #1, continued
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Troubleshooting Flowcharts
900/900 MAX All Weather Refrigerated Sampler, Troubleshooting Chart #2
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Appendix B Conversion Charts

The electronic temperature sensor voltage-to-temperature conversion can be 
used with any of the three electronic temperature sensors to diagnose a bad 
sensor or bad sensor interface circuitry.  

Example (to be performed by a qualified service technician only):
To determine if the reference temperature sensor is working correctly, 
measure the reference temperature sensor dc voltage.  

DANGER
ac line voltage is present in the 
Power Supply / Thermal Control 
Box.  

The reference temperature sensor dc voltage can be measured between 
TP7 (REF) and TP4  (AGND) in the Power Supply /Thermal Control Box 

Using the voltage-to-temperature  conversion chart, find the measured dc 
voltage (Vthermistor, volts).  Read the corresponding temperature (°C) from 
the adjacent column.  The temperature from the chart, minus any calibration 
offset, should correspond with displayed cabinet temperature.  

Determine the actual cabinet temperature by placing a beaker filled with 
150 mL of water and a thermometer near the reference temperature sensor.  
Wait 60 minutes to allow the beaker of water to stabilize in temperature.  If the 
temperatures do not correspond, you may have a bad sensor. 

The temperature read from the chart should also correspond with the 
temperature shown in the sampler controller thermal diagnostics* 
(CABINET TEMP = ?? DEGREES C).  If they do not, bad sensor interface 
circuitry is possible.

* Access the sampler controller thermal diagnostics on the 900 sampler controller display by pressing the PUMP key, followed by 
the TIME READ key.  Subsequently pressing the TIME READ key will step you through the different diagnostic information.  Access 
the sampler controller thermal diagnostics on the 900 MAX sampler controller display by pressing  the following keystrokes: 
MAIN MENU, OPTIONS, ADVANCED OPTIONS, DIAGNOSTICS, THERMAL.
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Conversion Charts
Electronic Temperature Sensor Voltage to Temperature Conversion Chart

Vthermistor (V) Temperature (°C) Vthermistor (V) Temperature (°C) Vthermistor (V) Temperature (°C)

0.310 50.19 0.730 24.26 1.160 8.59

0.320 49.24 0.740 23.83 1.170 8.27

0.330 48.31 0.750 23.40 1.180 7.95

0.340 47.42 0.760 22.98 1.190 7.63

0.350 46.55 0.770 22.57 1.200 7.31

0.360 45.70 0.780 22.15 1.210 6.99

0.370 44.88 0.790 21.75 1.220 6.67

0.380 44.08 0.800 21.34 1.230 6.36

0.390 43.31 0.810 20.94 1.240 6.04

0.400 42.55 0.820 20.54 1.250 5.73

0.410 41.81 0.830 20.15 1.260 5.42

0.420 41.09 0.840 19.76 1.270 5.10

0.430 40.38 0.850 19.38 1.280 4.79

0.440 39.70 0.860 18.99 1.290 4.48

0.450 39.02 0.870 18.61 1.300 4.17

0.460 38.36 0.880 18.24 1.310 3.86

0.470 37.72 0.890 17.86 1.320 3.55

0.480 37.09 0.900 17.49 1.330 3.24

0.490 36.47 0.910 17.12 1.340 2.93

0.500 35.86 0.920 16.76 1.350 2.62

0.510 35.26 0.930 16.39 1.360 2.31

0.520 34.68 0.940 16.03 1.370 2.00

0.530 34.10 0.950 15.67 1.380 1.69

0.540 33.54 0.960 15.32 1.390 1.39

0.550 32.98 0.970 14.96 1.400 1.08

0.560 32.43 0.980 14.61 1.410 0.77

0.570 31.90 0.990 14.26 1.420 0.46

0.580 31.37 1.000 13.92 1.430 0.15

0.590 30.85 1.010 13.57 1.440 -0.15

0.600 30.33 1.020 13.23 1.450 -0.46

0.610 29.83 1.030 12.88 1.460 -0.77

0.620 29.33 1.040 12.54 1.470 -1.08

0.630 28.84 1.050 12.21 1.480 -1.39

0.640 28.35 1.060 11.87 1.490 -1.70

0.650 27.87 1.070 11.54 1.500 -2.00

0.660 27.40 1.080 11.20 1.510 -2.31

0.670 26.94 1.090 10.87 1.520 -2.62

0.680 26.48 1.110 10.21 1.530 -2.93

0.690 26.02 1.120 9.88 1.540 -3.24

0.700 25.57 1.130 9.56 1.550 -3.55

0.710 25.13 1.140 9.23 1.560 -3.87

0.720 24.69 1.150 8.91 1.570 -4.18
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Conversion Charts
1.580 -4.49 1.850 -13.38 2.110 -23.87

1.590 -4.80 1.860 -13.74 2.120 -24.35

1.600 -5.12 1.870 -14.09 2.130 -24.84

1.610 -5.43 1.880 -14.46 2.140 -25.34

1.620 -5.75 1.890 -14.82 2.150 -25.85

1.630 -6.07 1.900 -15.19 2.160 -26.36

1.640 -6.38 1.910 -15.56 2.170 -26.89

1.650 -6.70 1.920 -15.93 2.180 -27.43

1.660 -7.02 1.930 -16.30 2.190 -27.98

1.670 -7.34 1.940 -16.68 2.200 -28.55

1.680 -7.66 1.950 -17.07 2.210 -29.13

1.690 -7.99 1.960 -17.46 2.220 -29.72

1.700 -8.31 1.970 -17.85 2.230 -30.33

1.710 -8.64 1.980 -18.24 2.240 -30.96

1.720 -8.97 1.990 -18.64 2.250 -31.60

1.730 -9.29 2.000 -19.05 2.260 -32.26

1.740 -9.62 2.010 -19.46 2.270 -32.95

1.750 -9.96 2.020 -19.87 2.280 -33.66

1.760 -10.29 2.030 -20.29 2.290 -34.39

1.770 -10.63 2.040 -20.72 2.300 -35.15

1.780 -10.96 2.050 -21.15 2.310 -35.95

1.790 -11.30 2.060 -21.59 2.320 -36.77

1.800 -11.64 2.070 -22.03 2.330 -37.64

1.810 -11.99 2.080 -22.48 2.340 -38.54

1.820 -12.33 2.090 -22.94 2.350 -39.49

1.830 -12.68 2.100 -23.40 2.560 -40.50

1.840 -13.03

Vthermistor (V) Temperature (°C) Vthermistor (V) Temperature (°C) Vthermistor (V) Temperature (°C)
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Appendix C Circuit Board Schematic
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GENERAL INFORMATION
At American Sigma, customer service is an 
important part of every product we make.

With that in mind, we have compiled the following 
information for your convenience.
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Ordering and Technical Support

U.S.A. Customers

Information Required

Ordering Outside the U.S.A.
American Sigma maintains a worldwide network of dealers and distributors. 
To locate the representative nearest you, send E-mail to intl@hach.com or 
visit www.americansigma.com.

Technical Support in the U.S.A. or Outside Europe
Technical and Customer Service Department personnel are eager to answer 
questions about our products and their use. In the U.S.A., call 
1-800-635-1230. Outside the U.S.A. and Europe, send E-mail to 
intl@hach.com.

Technical Support for European Customers
Contact Bühler Montec Group, Ltd.

By Telephone:
(800) 635-4567

By Fax:
(970) 461-3915

Ordering information by E-mail:
sigma@americansigma.com

By Mail:
American Sigma
P.O. Box 389
Loveland, Colorado 80539-0389 
U.S.A

• American Sigma account number 
(if available) 

• Your name and phone number

• Purchase order number 

• Brief description or model number

• Billing address

• Shipping address

• Catalog number

• Quantity

By Telephone:
+44 (0) 161 872 1487

By Fax:
+44 (0) 161 848 7324

By E-mail:
helpdesk@bmgl.com

By Mail:
Bühler Montec Group, Ltd.
Pacific Way
Salford
Manchester
M5 2DL
U.K.
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Repair Service

Authorization must be obtained from American Sigma before sending any 
items for repair. Please contact the American Sigma Service Center serving 
your location.

In the United States or Outside Europe
American Sigma
P.O. Box 389
Loveland, Colorado, 80539-0389 U.S.A.

Telephone: 1-800-635-1230 or (970) 669-3050
Fax: (970) 669-2932

In Europe
Bühler Montec Group, Ltd.
Pacific Way
Salford
Manchester
M5 2DL
U.K.

Fax: +44 (0) 161 848 7324
E-mail: helpdesk@bmgl.com
By Telephone: +44 (0) 161 872 1487
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Warranty

American Sigma warrants this product to the original purchaser against any defects that are due 
to faulty material or workmanship for a period of one year from date of shipment.

In the event that a defect is discovered during the warranty period, American Sigma agrees that, 
at its option, it will repair or replace the defective product or refund the purchase price, excluding 
original shipping and handling charges. Any product repaired or replaced under this warranty 
will be warranted only for the remainder of the original product warranty period. 

This warranty does not apply to consumable products such as chemical reagents; or 
consumable components of a product, such as, but not limited to, lamps and tubing. 

Contact American Sigma or your distributor to initiate warranty support.  Products may not be 
returned without  authorization from American Sigma.

Limitations
This warranty does not cover:

• Damage caused by acts of God, natural disaster, labor unrest, acts of war (declared or 
undeclared), terrorism, civil strife or acts of any governmental jurisdiction

• Damage caused by misuse, neglect, accident or improper application or installation

• Damage caused by any repair or attempted repair not authorized by American Sigma

• Any product not used in accordance with the instructions furnished by American Sigma

• Freight charges to return merchandise to American Sigma

• Freight charges on expedited or express shipment of warranted parts or product

• Travel fees associated with on-site warranty repair

This warranty contains the sole express warranty made by American Sigma in connection with 
its products.  All implied warranties, including without limitation, the warranties of 
merchantability and fitness for a particular purpose, are expressly disclaimed.

Some states within the United States do not allow the disclaimer of implied warranties and if this 
is true in your state the above limitation may not apply to you.  This warranty gives you specific 
rights, and you may also have other rights that vary from state to state.

This warranty constitutes the final, complete, and exclusive statement of warranty terms and no 
person is authorized to make any other warranties or representations on behalf of American 
Sigma.

Limitation of Remedies
The remedies of repair, replacement or refund of purchase price as stated above are the 
exclusive remedies for the breach of this warranty.  On the basis of strict liability or under any 
other legal theory, in no event shall American Sigma be liable for any incidental or consequential 
damages of any kind for breach of warranty or negligence.
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American Sigma c/o
Hach Company

P.O. Box 389
Loveland, Colorado 80539-0389

Telephone: (970) 669-3050
FAX: (970) 669-2932

FOR TECHNICAL ASSISTANCE, PRICE INFORMATION AND ORDERING:
In the U.S.A. - Call 800-635-4567
In Europe - Contact Bühler Montec Group, Ltd., +44 (0) 161 872 1487
On the Worldwide Web - www.americansigma.com; E-mail - sigma@americansigma.com

toll-free
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Belden VFD Cable Data 
 





Variable-Frequency Drive Cable

1000V UL Flexible Motor Supply Cable
600V, UL 1277 Type TC
1000V CSA AWM
Open wiring per NEC Article 340

NP 147

For More Information:

Belden Electronics Division
Technical Support:

1-888-BELDEN-8

www.belden.com

© Copyright 2001, 2002, Belden Inc.

NewProduct
BULLETIN

As a result, Belden VFD cable
can be installed at a lower cost
than the least expensive, viable
VFD cable alternative.

Cable Construction Details

Belden VFD cables are 1000V 
UL Flexible Motor Supply Cable,
600V UL 1277 Type TC and 
1000V CSA listed cables with four
conductors (three signal plus one
ground). They are available with 
a choice of conductor gauges
ranging from 16 AWG up to 
2 AWG. The cable features highly-
flexible tinned copper conductors
with high strand counts. This
makes the cable very easy to
install and able to withstand tight
minimum bending radii even 
during heavy vibration.

Insulation is black, numbered
XLPE. Ground conductor is 
insulated with green XLPE. 
Shield is 100%-coverage overall
Beldfoil® plus 85%-coverage
tinned copper braid with drain

wire. Jacket material is industrial
grade black PVC. This cable is
sunlight-resistant, direct burial,
and is rated at 90°C wet or dry.

Belden VFD cable is certified to
meet numerous safety standards
including 1000V UL Flexible
Motor Supply Cable; UL Subject
1277 Type TC; UL Subject 44;
NEC Article 340 for Open Wiring; 
NEC RHW-2 singles Class I & II;
Division 2 hazardous locations;
CSA AWM I/II A/B; and 1kV
RW90 singles. The cable meets
UL1581 vertical tray flame tests
and IEEE1202 vertical tray flame
tests at 70,000 BTU/hour.

Product Cross Reference

Belden VFD cable is approved for
use with the following Rockwell
Automation drives: Series 1305
AC Drives, Series 1336 Plus 
and Plus II AC Drives, Series
1336 Impact AC Drives and
Series 1336 Force Field-Oriented
Control AC Drives. 

Belden VFD cable is also 
appropriate for drives 
manufactured by the following
companies: AA Electric, ABB,
Baldor, Cutler-Hammer, Fivestar
Electric Motors, General Electric,
Hitachi, Magnetek, Mitsubishi
Electric Automation, Motion
Industries, Quality Drive Systems,
Robicon, Siemens, Square D,
Toshiba and TB Woods.

Product Availability

Belden Variable Frequency 
Drive Cables are available in 
various standard lengths.
Armored versions also available.
For more information, contact
Belden Electronics Division. 

29500 16 19 .48 12 83 37.6 3.9 99 250 76.2 40.3 18.3
500 152.4 93.5 42.4

1000 304.9 169.0 76.7
6000 1829.3 1067.0 484.0

29501 14 41 .55 14 174 78.9 4.5 114 250 76.2 55.0 24.9
500 152.4 124.0 56.2

1000 304.9 243.0 110.2
5000 1524.4 1218.0 552.5

29502 12 65 .60 15 243 110.2 4.8 122 250 76.2 69.8 31.7
500 152.4 151.5 68.7

1000 304.9 298.0 135.2
5000 1524.4 1572.0 713.0

29503 10 105 .66 17 329 149.2 5.4 137 250 76.2 91.3 41.4
500 152.4 194.5 88.2

1000 304.9 375.0 170.1
5000 1524.4 2025.0 918.5

29504 8 133 .89 23 523 237.2 7.3 185 250 76.2 158.5 71.9
500 152.4 332.0 150.6

1000 304.9 660.0 299.4
5000 1524.4 3448.0 1564.0

29505 6 133 .99 25 840 381.0 8.0 203 250 76.2 221.3 100.4
1000 304.9 906.0 411.0
3500 1067.1 3205.0 1453.8

29506 4 133 1.15 29 1327 601.9 9.2 233 250 76.2 319.5 140.4
1000 304.9 1250.0 567.0
3000 914.6 3843.0 1743.2

29507 2 133 1.29 33 2110 957.1 10.5 266 250 76.2 437.8 198.6
500 152.4 875.5 397.1

1000 304.9 1711.0 776.1
2000 609.8 3681.0 1669.7

AWGTrade
No.

Strand
Count

Nominal OD

Inch mm

Max. Pull
Tension

Lbs. kg

Min. Bend
Radius

Inch mm

Standard Lengths

Ft. m

Standard
Unit Weight

Lbs. kg

Product Description:
Three stranded tinned copper conductors with a full size insulated ground;
XLPE insulation. Overall Beldfoil® shield plus an 85% tinned copper braid. 
Full sized tinned copper drain wire. Black sunlight-resistant PVC jacket
suitable for direct burial.

Color code per ICEA Table 4, black and numbered. Consult drive manufacturer for exact horsepower ratings. 
NEC ampacity interpretations subject to user’s and local codes.
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Eurotherm Model MV408  
Current Input  

Isolating Signal Conditioner 
 



W
V

40
8

WebView I/O DC Voltage/
Current Input Isolating
Signal Conditioner

Traditional Signal Isolator with Web

Viewing Capability

MODEL

n Lower Power Requirements
with Smart Power Control

n  Greatly Improved Input/
Output Accuracy and
Stability

n Configurable with or
without Ethernet Connec-
tion

n Direct Access to Sensor
Data when Connected to
the Intranet

n  Provides Remote Diagnos-
tic Capability (with
optional WVC16)

n Versatile Alarm Capabilities
Provide Email Notification
when Problems Occur
(with optional WVC16)

n Lifetime Warranty

DESCRIPTION
The WebView I/O Series from Eurotherm Action Instruments is an
exciting new line of isolating signal conditioners. This new line
provides features never before found in traditional signal condition-
ers. The WV Series has greater input and output accuracy than most
signal conditioners on the market today. In addition, the stability
of the unit beats that of most signal conditioners as well. Another
feature, unique from other signal conditioners, is Smart Power.
Smart Power eliminates wasted power in current output mode for
low loop resistances loads. In addition, the WV Series provides the
user with the capability to view sensor data directly over your
company’s intranet with a standard web browser. Just imagine, the
WV Series will allow you to view configuration, maintenance and
process information through a remote web browser. Further, the
modules are capable of generating scripted e-mail messages, trig-
gered when process variables or maintenance based performance
parameters exceed or fall below pre-set levels.

The WV408 has both voltage and current input ranges available. For
voltage, four ranges are DIP switch selectable, ±150mV, ±1.5V,
±15V and ±150V. Each of these ranges has at least 95% zero and
span adjustment, making it no problem to select a 0-20mV user range
on the ±150mV full scale range. Plenty of resolution is available due
to the use of Sigma-Delta conversion at 15 effective bits. For
current, there are two input ranges that are DIP switch selectable,
±2.5mA or ±25mA. Both voltage and current have an input
accuracy of 0.015% of full scale. Outputs include 0-10V, 0-20mA
and 4-20mA. The WV408 also supports reverse output.

ACTION INSTRUMENTSACTION INSTRUMENTS
. . . the  Indust r ia l  I /O  Company



SMART POWER
The WV Series modules incorporate Smart
Power for their output supplies, providing a
potential power savings of 500mW  per unit.
Smart Power adjusts its output voltage and
current, depending upon the power output
required to drive the current load. A low
impedance current loop will now use less
power than a high impedance current loop.
Previous technology only allowed for a single
supply at the highest voltage required to drive
the highest impedance load. Low impedance
loops only require an output supply voltage
of 5VDC. For a 20mA current, this consumes
100mW . In comparison, a high impedance
load or older style supply requires 26VDC.
This would consume 520mW.

ENHANCED LED
DIAGNOSTICS
Other then when executing the push button
calibration routine, the LEDs blink under the
following conditions:

GREEN: 2Hz when the input is under
range
8Hz when the input is over range

RED: 2Hz when the output is under
range
8Hz when the output is over
range

An Under range condition exists when the
signal is lower than the operational low value
minus 6.25% of the operational span. An
Over Range condition exists when the signal
is higher than the operational high value plus
6.25% of the operational span.

A voltage output short circuit may cause an
under range condition (RED blinking at 2Hz
rate). A current output open circuit may
cause an over range condition (RED blinking
at an 8Hz rate).

There could be two or more LEDs blinking at
the same time. That means the module has
more than one error condition. Only when all
error conditions have been removed, will the
LEDs be back to normal (Green ON, Red and
Yellow Off).

CONFIGURING MODULES
As mentioned above, configuration is accom-
plished via setting DIP switches and using an
push button for calibrating ranges. Addition-
ally, it is possible to remotely modify param-
eters of each module, such as range, using as
Ethernet connection to the WVC16 and a
remote PC-based web browser. The brows-
ers supported include Internet Explorer 5 or
later and Netscape Navigator 4.7. From the
browser, it is possible to configure any of
three alarms that would be available from each
input (see ALARMS below). The configura-
tion of alarms includes the ability to set alarm
limit values for each input and the ability to
trigger generation of an e-mail message when
an alarm limit condition is invoked. Once the
alarm is triggered, the WVC16 will e-mail the
specified users (up to 10) if desired. The
message can contain the following: Date/
Time the trigger occurred, Trigger Name,
trigger Type, Trigger value (if applicable),
Module Name and WVC16 name.

ALARMS
Each module supports up to three alarms.
These alarms could be configured to support
the following: high limit, low limit and a timer
for routine maintenance.

WEBVIEW COMMUNICATIONS
INTERFACE
Each WVC16 is capable of communicating
with up to 32 I/O modules. The interface
contains a web page server and an e-mail
server as well as being the interface to the
modules. All memory to support the signal
conditioner’s historical data, storage of the
web pages and all e-mail messages is con-
tained in the WVC16.

The WVC16 actually downloads a JAVA
applet to the client’s computer. The applet
provides access to the signal conditioner’s
data. The information available includes the
following:

• Module configuration summary
• Module configuration editing
• Diagnostic/warning status
• Alarm setup & status
• E-mail setup, editing & address book
• Process variable viewing

FACTORY ASSISTANCE
For additional information on installation,
operation and calibration, please contact
Action’s Technical Services Group. Call toll
free:

800-767-5726

DIMENSIONS



MODELS & ACCESSORIES
Ordering Information
Specify:
1. Model: WV408-0000WV408-0000
2. Optional Custom Factory Calibration (specify C620C620 with de

sired input and output range.
3. Accessories
Accessories
All WV Series modules will mount on standard TS35 (model MD03)
DIN rail. In addition, the following accessories are available:

WVC16WVC16 WebView Communications Interface
MD03MD03 TS35 x 7.5 DIN Rail (2 meters)
WV905WV905 24VDC Power Supply (0.5 Amp)
H910H910 24VDC Power Supply (1 Amp)
H915H915 24VDC Power Supply (2.3 Amp)
MB03MB03 End Bracket for MD03

Terminal Connections
Termina lTermina l Funct ionFunct ion

11 DC Power (+)
12 DC Power (-)
21 DC Power (+)
22 DC Power (-)
41 Input (+)
42 Input Common
51 Output (+)
52 Output Common

SPECIFICATIONS
ElectricalElectrical

InputsInputs Voltage:  ±150mV, ±1.5V, ±15V or
±150VDC

Impedance:  >100kΩ
Over-Voltage:  180Vrms

Current:  ±2.5mA or ±25mA
Impedance:  <75Ω
Over-Current:  170mA, protected by self-
resetting fuse

Over-Voltage:  60V
Zero & SpanZero & Span

AdjustmentAdjustment ±95% of Full Scale
Input  AccuracyInput  Accuracy ±0.015% of Full Scale

OutputsOutputs Voltage:  0 to 10VDC

Source Impedance:  <10Ω
Drive:  10mA

Current:  0 to 20mA
Source Impedance:  >100kΩ
Compliance:  18V@20mA (900W max)

Output  AccuracyOutput  Accuracy ±0.05% of Full Scale
Local Range

SelectionSelection By DIP switch
LED IndicationLED Indication GREEN: RUN, on when unit is powered.

Flashes at 2Hz rate when input is under
range by 6.25%

Flashes at 8Hz rate when input is over range
by 6.25%
RED: OUTPUT, on while calibrating the
output level

Flashes at 2Hz rate when the output is under
range by 6.25%
Flashes at 8Hz rate when the output is over
range by 6.25%

YELLOW: INPUT, on while calibrating the
input level

Response TimeResponse Time 100mSec (10 to 90%)
Stabil ityStabil ity ±100ppm of full scale/°C (±0.01%/°C)

Common ModeCommon Mode
Reject ionReject ion 120dB @ DC, >90dB @ 60Hz, or better

Isolat ionIsolat ion 1800VDC or peak AC between input, output &
power

ESD Susceptibi l i tyESD Susceptibi l i ty Capable of meeting IEC 801-2 level 3 (8kV)
PowerPower 9-30VDC

1.0W typ., 2.0W max

Host Module
InterfaceInterface IR Link

PhysicalPhysical
SizeSize DIN rail case – 0.5” (12.5mm) wide

OperatingOperating

TemperatureTemperature 0°C to +60°C (32 to 140°F)
StorageStorage

TemperatureTemperature -25°C to +85°C (-13 to 185°F)
OperatingOperating

HumidityHumidity 15% to 95% RHNC @ 45°C

StorageStorage
HumidityHumidity 90% RHNC @ 60°C for 24 hours

Agency ApprovalsAgency Approvals CE, EN50081-1, EN50082-2, EN61010, pending
(EMC & Safety) CSA C22.2, No. 0-M91, 142-M1987

pending
UL508 pending

Specifications are subject to change.

Terminal 
Designations

51

4142

52

12 11

22 21

An Invensys company

 A C T I O N  I N S T R U M E N T S   •   B A R B ER-C O L M A N   •   E U R O T H E R M  C H E S S E L L   •   E U R O T H E R M  C O N T R O LS

8601 Aero Drive, San Diego, CA 92123
Tel:(800)767-5726 Fax:(858) 279-6290
e-mail:sales@actionio.com
www.actionio.com
www.eurotherm.com

721-0804-00-D 06/02
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Federal Signal Group 
Telephone Activated Remote Control,  

Model 300RC  
 



ACTIVATES SIGNALS FROM A
TOUCH-TONE PHONE

• Magnetic latching relays hold 
contact closure until reset

• User-selectable access code 
provides security

• L.E.D. status indicators 

• Unique tones indicate status and
prompt commands for remote
access

• UL Listed power supply

• Terminal block connections

Telephone Activated
Remote Control

Model 300RC

The Federal Signal 300RC provides remote control of ten single-
pole/double-throw (SPDT) relays and remote monitoring of ten
external switch contacts or logic levels. The 300RC is simple to
understand, easy to install, secure and effective. 

The Model 300RC is connected to a phone line with a standard 6-
position modular cable. At the time of installation, a security
access code is recorded directly into the 300RC via dip-switches.
After the third ring on the line, the 300RC will answer and prompt
the user to enter the user-defined access code. If the wrong code
is entered four times, the device hangs up.

Entry of the access code is followed by a command prompt. The
user can check the status of ten switch contact inputs through
easily distinguishable audio tones. Once status is determined, the
user can turn the switches on or off remotely via the touch-tone
keypad of their telephone.

When the 300RC is wired directly to Federal Signal SelecTone®

panels (300VSC-1, 300SCW-1, 300SSC and 300Z), it is possible
to remotely activate the tone signals. The 300RC can also be used
to activate messages from the 300MB or 300MC pre-recorded
message units. 

In addition to initiating control panel inputs, the 300RC can be
used to activate relays which control the power to audible visual
signals or other devices.

Mounting holes on the cover include two #8 holes on the end
flanges or two holes on the narrow flanges for mounting on a 13/4"
rack panel.

The 300RC is ideal for applications where it is difficult or costly to
run dedicated control wiring to remote devices, or where the con-
venience of telephone activation or monitoring is desired. For
those facilities that have existing PBX wiring, the phone system
can now be utilized as a means of signal activation and status 
monitoring. 

FEDERAL SIGNAL CORPORATION



1
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1
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3
4

5
6

7
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9
0

SWITCHES OR LOGIC

ACCESS

LINE

RESET

LOCAL

TONE

RING

POWER

TELEPHONE TWO WAY CONTROL UNIT

300RC

FEDERAL SIGNAL�

CORPORATION

UNIVERSITY PARK, IL.  U.S.A.

LINE LED

ACCESS LED

RING LED

POWER LED

TELEPHONE LINE INPUT�
RJ-11

POWER FROM SUPPLIED�
ADAPTER

TONE LED

RESET BUTTON

LOCAL BUTTON

TELEPHONE ACTIVATED REMOTE CONTROL (300RC)

TELEPHONY

2645 Federal Signal Dr., University Park, IL 60466   Tel: 708.534.4756    Fax: 708.534.4852    www.federalsignal-indust.com 327

S P E C I F I C AT I O N S
Net Weight: 1.20 lbs. .54 kg
Shipping Weight: 1.85 lbs. .84 kg
Size: 9.5" x 2.5" x 1"

24.1 x 6.4 x 2.5 (cm)
Relay Contact: SPDT 2A Resistive  50VDC
Power: 8-15VDC@50mA (110VAC adapter supplied)

0

# 0

# # 0

# # #

0

0

* # *

0

*

* * *

* *

*

* * *

RELAY COMMANDS

STATUS REQUEST COMMANDS

MISC

Pressing keys 0 - 9 will turn on relays 0 - 9.
As long as the key is pressed, the
associated relay will stay on.

Pressing the pound sign key followed
by the numeric key will latch the
associated key on.

Pressing the pound sign key twice
followed by the numeric key will latch the
associated relay off.

Pressing the star sign key followed by a
numeric key will poll the status of the
associated input channel.

Pressing the star sign key twice followed by
the numeric key will indicate if the status of
an input has changed since the last call.

Pressing the star sign key three times
followed by the numeric key will poll
the status of the associated relay.

Pressing the star sign key four times will
cancel a command.

Unconditionally hang up

Pressing the pound sign 
key three times will turn all
relays off.

ON - RETAIN RELAY STATES AT POWER-UP

ON - RETAIN INTERLOCK MODE

4 DIGIT ACCESS CODE(SHOWN:  5320)

(0000 - NO CODE REQ'D)

4

1 2 3 4 5 6 7 8 9 10 11 12

ON

2 1 4 2 1 4 2 11

T O G G L E  S W I T C H  F O R  A C C E S S  C O D E

H O W  T O  O R D E R

• Specify model number
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Application � Installation � Maintenance
60 Hz, Single and Three Phase Motors

Submersible Motors

The Company You Trust Deep Down
Franklin Electric

August 2000 Edition



ATTENTION!
IMPORTANT INFORMATION FOR INSTALLERS OF THIS EQUIPMENT!

THIS EQUIPMENT IS INTENDED FOR INSTALLATION BY TECHNICALLY QUALIFIED PERSONNEL. FAILURE
TO INSTALL IT IN COMPLIANCE WITH NATIONAL AND LOCAL ELECTRICAL CODES, AND WITH FRANKLIN
ELECTRIC RECOMMENDATIONS, MAY RESULT IN ELECTRICAL SHOCK OR FIRE HAZARD, UNSATISFAC-
TORY PERFORMANCE, AND EQUIPMENT FAILURE. FRANKLIN INSTALLATION INFORMATION IS AVAIL-
ABLE FROM PUMP MANUFACTURERS AND DISTRIBUTORS, AND DIRECTLY FROM FRANKLIN ELECTRIC.
CALL FRANKLIN TOLL FREE 800-348-2420 FOR INFORMATION.

WARNING

SERIOUS OR FATAL ELECTRICAL SHOCK MAY RESULT FROM FAILURE TO CONNECT THE MOTOR,
CONTROL ENCLOSURES, METAL PLUMBING, AND ALL OTHER METAL NEAR THE MOTOR OR CABLE, TO
THE POWER SUPPLY GROUND TERMINAL USING WIRE NO SMALLER THAN MOTOR CABLE WIRES. TO
REDUCE RISK OF ELECTRICAL SHOCK, DISCONNECT POWER BEFORE WORKING ON OR AROUND THE
WATER SYSTEM. DO NOT USE MOTOR IN SWIMMING AREAS.

ATTENTION!
INFORMATIONS IMPORTANTES POUR L’INSTALLATEUR DE CET EQUIPEMENT.

CET EQUIPEMENT DOIT ETRE INTALLE PAR UN TECHNICIEN QUALIFIE. SI L’INSTALLATION N’EST PAS
CONFORME AUX LOIS NATIONALES OU LOCALES AINSI QU’AUX RECOMMANDATIONS DE FRANKLIN
ELECTRIC, UN CHOC ELECTRIQUE, LE FEU, UNE PERFORMANCE NON ACCEPTABLE, VOIRE MEME LE
NON-FONCTIONNEMENT PEUVENT SURVENIR. UN GUIDE D’INSTALLATION DE FRANKLIN ELECTRIC EST
DISPONIBLE CHEZ LES MANUFACTURIERS DE POMPES, LES DISTRIBUTEURS, OU DIRECTEMENT CHEZ
FRANKLIN. POUR DE PLUS AMPLES RENSEIGNEMENTS, APPELEZ SANS FRAIS LE  800-348-2420.

AVERTISSEMENT

UN CHOC ELECTRIQUE SERIEUX OU MEME MORTEL EST POSSIBLE, SI L’ON NEGLIGE DE CONNECTER
LE MOTEUR, LA PLOMBERIE METALLIQUE, BOITES DE CONTROLE ET TOUT METAL PROCHE DU
MOTEUR A UN CABLE ALLANT VERS UNE ALIMENTATION D’ENERGIE AVEC BORNE DE MISE A LA
TERRE UTILISANT AU MOINS LE MEME CALIBRE QUE LES FILS DU MOTEUR. POUR REDUIRE LE
RISQUE DE CHOC ELECTRIQUE. COUPER LE COURANT AVANT DE TRAVAILLER PRES OU SUR LE
SYSTEM D’EAU. NE PAS UTILISER CE MOTEUR DANS UNE ZONE DE BAIGNADE.

ATENCION!
INFORMACION PARA EL INSTALADOR DE ESTE EQUIPO.

PARA LA INSTALACION DE ESTE EQUIPO, SE REQUIERE DE PERSONAL TECNICO CALIFICADO. EL NO
CUMPLIR CON LAS NORMAS ELECTRICAS NACIONALES Y LOCALES, ASI COMO CON LAS
RECOMENDACIONES DE FRANKLIN ELECTRIC DURANTE SU INSTALACION, PUEDE OCASIONAR, UN
CHOQUE ELECTRICO, PELIGRO DE UN INCENDIO, OPERACION DEFECTUOSA E INCLUSO LA
DESCOMPOSTURA DEL EQUIPO. LOS MANUALES DE INSTALACION Y PUESTA EN MARCHA DE LOS
EQUIPOS, ESTAN DISPONIBLES CON LOS DISTRIBUIDORES, FABRICANTES DE BOMBAS O
DIRECTAMENTE CON FRANKLIN ELECTRIC. PUEDE LLAMAR GRATUITAMENTE PARA MAYOR
INFORMACION AL TELEFONO 800-348-2420.

ADVERTENCIA

PUEDE OCURRIR UN CHOQUE ELECTRICO, SERIO O FATAL DEBIDO A UNA ERRONEA CONECCION DEL
MOTOR, DE LOS TABLEROS ELECTRICOS, DE LA TUBERIA, DE CUALQUIER OTRA PARTE METALICA
QUE ESTA CERCA DEL MOTOR O POR NO UTILIZAR UN CABLE PARA TIERRA DE CALIBRE IGUAL O
MAYOR AL DE LA ALIMENTACION. PARA REDUCIR EL RIESGO DE CHOQUE ELECTRIC, DESCONECTAR
LA ALIMENTACION ELECTRICA ANTES DE INICIAR A TRABAJAR EN EL SISTEMA HIDRAULICO. NO
UTILIZAR ESTE MOTOR EN ALBERCAS O AREAS EN DONDE SE PRACTIQUE NATACION.



Franklin Electric is committed to provide customers
with defect free products through our program of
continuous improvement. Quality shall, in every case,
take precedence over quantity.

CCCCCommitmentommitmentommitmentommitmentommitment  T  T  T  T  Tooooo  Q  Q  Q  Q  Qualityualityualityualityuality
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The submersible motor is a reliable, efficient and trouble-
free means of powering a pump. Its needs for a long
operational life are simple. They are:

1. A suitable operating environment

2. An adequate supply of electricity

3. An adequate flow of cooling water over the motor

4. An appropriate pump load

All considerations of application, installation, and mainte-
nance of submersible motors relate to these four areas.
This manual will acquaint you with these needs and assist
you if service or maintenance is required.
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Franklin submersible motors are designed primarily for
operation in the vertical, shaft-up position.

During acceleration, the pump thrust increases as its
output head increases. In cases where the pump head
stays below its normal operating range during startup and
full speed condition, the pump may create upward thrust.
This creates upward thrust on the motor upthrust bearing.
This is an acceptable operation for short periods at each
start, but running continuously with upthrust may cause
excessive wear on the upthrust bearing.

With certain restrictions, motors are also suitable for
operations in positions from shaft-up to shaft-horizontal. As

������
Franklin Electric submersible motors are a water-lubricated
design. The fill solution consists of a mixture of de-ionized
water and Propylene Glycol (a non-toxic antifreeze). The
solution will prevent damage from freezing in temperatures
to -40°F (-40°C); motors should be stored in areas that do
not go below this temperature. The solution will partially
freeze below 27°F (-3°C), but no damage occurs. Repeated
freezing and thawing should be avoided to prevent possible
loss of fill solution.

There may be an interchange of fill solution with well water
during operation. Care must be taken with motors removed
from wells during freezing conditions to prevent damage.

When the storage temperature does not exceed 100°F
(37°C), storage time should be limited to two years. Where
temperatures reach 100° to 130°F, storage time should be
limited to one year.

Loss of a few drops of liquid will not damage the motor as
an excess amount is provided, and the filter check valve
will allow lost liquid to be replaced by filtered well water
upon installation. If there is reason to believe there has
been a considerable amount of leakage, consult the factory
for checking procedures.

�����������������

The average number of starts per day over a period of
months or years influences the life of a submersible
pumping system. Excessive cycling affects the life of
control components such as pressure switches, starters,
relays and capacitors. Rapid cycling can also cause motor
spline damage, bearing damage, and motor overheating.
All these conditions can lead to reduced motor life.

The pump size, tank size and other controls should be
selected to keep the starts per day as low as practical for
longest life. The maximum number of starts per 24-hour
period is shown in Table 3.

Motors should run a minimum of one minute to dissipate
heat build up from starting current.

the mounting position becomes further from vertical and
closer to horizontal, the probability of shortened thrust
bearing life increases. For normal thrust bearing life
expectancy with motor positions other than shaft-up, follow
these recommendations:

1.Minimize the frequency of starts, preferably to fewer
than 10 per 24-hour period.

2. Do not use in systems which can run even for short
periods at full speed without thrust toward the motor.

Table 3  Number of Starts

HP KW Single Phase Three Phase

Up to .75 HP Up to .55 300 300

1 thru 5.5 .75 thru 4 100 300

7.5 thru 30 5.5 thru 22 50 100

40 and over 30 and over 100

Motor Rating Max Starts Per 24 Hr. Period
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4

Distribution transformers must be adequately sized to
satisfy the KVA requirements of the submersible motor.
When transformers are too small to supply the load, there
is a reduction in voltage to the motor.

Table 4 references the motor horsepower rating, single
phase and three phase, total effective KVA required, and

���
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NOTE: Standard KVA
ratings are shown. If power
company experience and
practice allows transformer
loading higher than stan-
dard, higher loading values
may be used for
transformer(s) to meet total
effective KVA required
provided correct voltage
and balance is maintained.

the smallest transformer required for open or closed three
phase systems. Open systems require larger transform-
ers since only two transformers are used.

Other loads would add directly to the KVA sizing require-
ments of the transformer bank.

������
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During starting of a submersible pump, the torque devel-
oped by the motor must be supported through the pump,
delivery pipe or other supports.  Most pumps rotate in the
direction which causes unscrewing torque on right-handed
threaded pipe or pump stages.  All threaded joints, pumps
and other parts of the pump support system must be
capable of withstanding the maximum torque repeatedly
without loosening or breaking.  Unscrewing joints will break
electrical cable and may cause loss of the pump-motor unit.

To safely withstand maximum unscrewing torques with a
minimum safety factor of 1.5, tightening all threaded joints
to at least 10 lb. ft. per motor horsepower is recommended
(Table 4A).  It may be necessary to tack or strap weld pipe
joints on high horsepower pumps, especially at shallower
settings.

Table 4  Transformer Capacity

HP KW

1.5 1.1 3 2 1
2 1.5 4 2 1.5
3 2.2 5 3 2
5 3.7 7.5 5 3

7.5 5.5 10 7.5 5
10 7.5 15 10 5
15 11 20 15 7.5
20 15 25 15 10
25 18.5 30 20 10
30 22 40 25 15
40 30 50 30 20
50 37 60 35 20
60 45 75 40 25
75 55 90 50 30
100 75 120 65 40
125 90 150 85 50
150 110 175 100 60
175 130 200 115 70
200 150 230 130 75

Total Effective 
KVA Required Open WYE or DELTA     

2-Transformers

Motor Rating
Smallest KVA Rating-Each Transformer

Closed WYE or DELTA     
3-Transformers

Table 4A Torque Required (Examples)

Minimum Safe 

HP KW Torque-Load 

1 HP & Less .75 KW & Less 1 X 10 10 lb. Ft.

20 HP 15 KW 20 X 10 200 lb. Ft.

75 HP 55 KW 75 x 10 750 lb. Ft.

200 HP 150 KW 200 x 10 2000 lb. Ft.

Motor Rating
HP x 10 lb.Ft.



Table 5 lists minimum generator sizes based on typical
80°C rise continuous duty generators, with 35% maximum
voltage dip during starting, for Franklin’s three-wire motors,
single or three phase.

This is a general chart. The generator manufacturer should
be consulted whenever possible, especially on larger sizes.

There are two types of generators available: externally and
internally regulated. Most are externally regulated. They
use an external voltage regulator that senses the output
voltage.  As the voltage dips at motor start-up, the regulator
increases the output voltage of the generator.

Internally regulated (self-excited) generators have an extra
winding in the generator stator.  The extra winding senses
the output current to automatically adjust the output
voltage.

Generators must be sized to deliver at least 65% of the
rated voltage during starting to ensure adequate starting
torque.  Besides sizing, generator frequency is important
as the motor speed varies with the frequency (Hz).  Due to
pump affinity laws, a pump running at 1 to 2 Hz below
motor nameplate frequency design will not meet its
performance curve.  Conversely, a pump running at 1 to 2
Hz above may trip overloads.

Generator Operation.  Always start the generator before the
motor is started and always stop the motor before the
generator is shut down.  The motor thrust bearing may be
damaged if the generator is allowed to coast down with the
motor running.  This same condition occurs when the
generator is allowed to run out of fuel.

Follow generator manufacturer’s recommendations for
de-rating at higher elevations or using natural gas.

�
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It is recommended that one or more check valves always be
used in submersible pump installations.  If the pump does
not have a built-in check valve, a line check valve should be
installed in the discharge line within 25 feet of the pump and
below the draw down level of the water supply. For deeper
settings, it is recommended that line check valves be
installed per the manufacturer’s recommendations.

Swing type check valves are not acceptable and should
never be used with submersible motors/pumps. Swing type
check valves have a slower reaction time which can cause
water hammer (see below). Internal pump check valves or
spring loaded check valves close quickly and help eliminate
water hammer.

Check valves are used to hold pressure in the system when
the pump stops. They also prevent backspin, water hammer
and upthrust.  Any of these can lead to early pump or motor
failure.

NOTE: Only positive sealing check valves should be used
in submersible installations. Although drilling the check
valves or using drain-back check valves may prevent back
spinning, they create upthrust and water hammer problems.

A.Backspin - With no check valve or a failed check valve,
the water in the drop pipe and the water in the system
can flow down the discharge pipe when the motor stops.
This can cause the pump to rotate in a reverse direction.
If the motor is started while this is happening, a heavy
strain may be placed across the pump-motor assembly.
It can also cause excessive thrust bearing wear because
the motor is not turning fast enough to ensure an ad-
equate film of water between the thrust bearing and
thrust shoes.

B.Upthrust - With no check valve, or with a leaking check
valve, the unit starts under a zero head condition.  This
causes an uplifting or upthrust on the impeller-shaft
assembly in the pump.  This upward movement carries
across the pump-motor coupling and creates an upthrust
condition in the motor.  Repeated upthrust can cause
premature failure of both the pump and the motor.

C.Water Hammer - If the lowest check valve is more than
30 feet above the standing water level, or a lower check
valve leaks and the check valve above holds, a partial
vacuum is created in the discharge piping.  On the next
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NOTE: For best starting of 2-wire motors, the minimum
generator rating is 50% higher than shown.

WARNING: To prevent accidental electrocution, automatic
or manual transfer switches must be used any time a
generator is used as standby or back up on power lines.
Contact power company for use and approval.

5

Table 5  Engine Driven Generators

KW KVA KW KVA

1/3 0.25 1.5 1.9 1.2 1.5
1/2 0.37 2 2.5 1.5 1.9
3/4 0.55 3 3.8 2 2.5
1 0.75 4 5 2.5 3.125

1 1/2 1.1 5 6.25 3 3.8
2 1.5 7.5 9.4 4 5
3 2.2 10 12.5 5 6.25
5 3.7 15 18.75 7.5 9.4

7 1/2 5.5 20 25 10 12.5
10 7.5 30 37.5 15 18.75
15 11 40 50 20 25
20 15 60 75 25 31
25 18.5 75 94 30 37.5
30 22 100 125 40 50
40 30 100 125 50 62.5
50 37 150 188 60 75
60 45 175 220 75 94
75 55 250 313 100 125
100 75 300 375 150 188
125 90 375 469 175 219
150 110 450 563 200 250
175 130 525 656 250 313
200 150 600 750 275 344

Minimum Rating of GeneratorMotor Rating

Externally Regulated Internally Regulated
HP KW
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pump start, water moving at very high velocity fills the
void and strikes the closed check valve and the stationary
water in the pipe above it, causing a hydraulic shock.
This shock can split pipes, break joints and damage the

pump and/or motor.  Water hammer is an easily detected
noise.  When discovered, the system should be shut
down and the pump installer contacted to correct the
problem.

Franklin Electric submersible motors are designed to
operate with a cooling flow of water over the motor.

If the pump installation does not provide the minimum flow
shown in Table 6, a flow inducer sleeve (flow sleeve) must
be used. The conditions requiring a flow sleeve are:

• Well diameter is too large to meet Table 6 flow
requirements.

#���
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• Pump is in an open body of water.

• Pump is in a rock well or below the well casing.

• The well is “top-feeding”.

• Pump is set in or below screens or perforations.

6

Franklin Electric submersible motors, except 8" SEVERE
DUTY (see note below), are designed to operate up to
maximum service factor horsepower in water up to 86°F
(30°C). A flow of 0.25 ft/sec for 4" High Thrust motors and
0.5 ft/sec for 6 and 8 inch motors is required for proper
cooling.  Table 6 shows minimum flow rates, in GPM, for
various well diameters and motor sizes.

If the motor is operated in water over 86°F (30°C), water
flow past the motor must be increased to maintain safe
motor operating temperatures. See HOT WATER
APPLICATIONS on Page 7.

NOTE: 8" SEVERE DUTY motors are designed to operate
with loading up to maximum service factor horsepower in
water up to 90°C (195°F) with water flow past motor of 0.5
ft/sec (0.15 m/sec).

#����������������&����(

.25 ft/sec = 7.62 cm/sec     .50 ft/sec = 15.24 cm/sec
1 inch = 2.54 cm

���(�)�&�����������
If the flow rate is less than specified or coming
from above the pump, then a flow inducer
sleeve must be used. A flow sleeve is always
required in an open body of water. FIG 1 shows
a typical flow inducer sleeve construction.

EXAMPLE : A six-inch motor and pump that
    delivers 60 GPM will be installed
    in a 10" well.

    From Table 6, 90 GPM would be
    required to maintain proper
    cooling. In this case adding an 8”
    or smaller flow sleeve provides
    the required cooling.

FIG. 1

Table 6  Required Cooling Flow

Minimum GPM required for motor cooling in water up to 86°F (30°C).

Casing or 4" High Thrust Motor 6" Motor 8" Motor
Sleeve I.D.  .25 ft/sec. .50 ft/sec. .50 ft/sec.

Inches (mm) GPM  (l/m) GPM (l/m) GPM (l/m)
4  (102) 1.2  (4.5) - -
5  (127) 7  (26.5) - -
6  (152) 13  (49) 9  (34) -
7  (178) 20  (76) 25  (95) -
8  (203) 30  (114) 45  (170) 10  (40)

10  (254) 50  (189) 90 (340) 55  (210)
12  (305) 80  (303) 140  (530) 110  (420)
14  (356) 110  (416) 200  (760) 170  (645)
16  (406) 150  (568) 280  (1060) 245  (930)

WORM GEAR
CLAMPS

INTAKE

FLOW INDUCER
SLEEVE

SUBMERSIBLE
MOTOR

CENTERING BOLT

LOCK NUTS 
INSIDE SLEEVE

CENTERING
BOLT HOLE
(3 REQUIRED)

BOTTOM END VIEW

NOTCH OUT
FOR CABLE
GUARD

SAW CUTS

CENTERING BOLTS
MUST BE LOCATED
ON MOTOR CASTING.
DO NOT LOCATE ON
STATOR SHELL.
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Table 7 lists the approximate head loss due to flow between
an average length motor and smooth casing or flow inducer
sleeve.
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When the pump-motor operates in water hotter than
86°F (30°C), a flow rate of at least 3 ft/sec is
required. When selecting the motor to drive a pump
in over 86°F (30°C) water, the motor horsepower
must be de-rated per the following procedure.

1. Using Table 7A, determine pump GPM required
for different well or sleeve diameters. If necessary,
add a flow sleeve to obtain at least 3 ft/sec flow
rate.

Table 7 Head Loss in Feet (Meters) at Various Flow Rates

4" 4" 4" 6" 6" 6" 8" 8"

4 (102) 5 (127) 6 (152) 6 (152) 7 (178) 8 (203) 8.1 (206) 10 (254) 

25   (95) 0.3 (.09)

50  (189) 1.2 (.37)

100  (378) 4.7 (1.4) 0.3 (.09) 1.7 (.52)

150  (568) 10.2 (3.1) 0.6 (.18) 0.2 (.06) 3.7 (1.1)

200  (757) 1.1 (.34) 0.4 (.12) 6.3 (1.9) 0.5 (.15) 6.8 (2.1)

250  (946) 1.8 (.55) 0.7 (.21) 9.6 (2.9) 0.8 (.24) 10.4 (3.2)

300  (1136) 2.5 (.75) 1.0 (.30) 13.6 (4.1) 1.2 (.37) 0.2 (.06) 14.6 (4.5)

400  (1514) 23.7 (7.2) 2.0 (.61) 0.4 (.12) 24.6 (7.5)

500  (1893) 3.1 (.94) 0.7 (.21) 37.3 (11.4) 0.6 (0.2)

600  (2271) 4.4 (1.3) 1.0 (.30) 52.2 (15.9) 0.8 (0.3)

800  (3028) 1.5 (0.5)

1000  (3785) 2.4 (0.7)

F
lo

w
 R

at
e 

in
 G

P
M

 (
l/m

)

Casing ID in Inches (mm)

Motor Diameter

Table 7A - Minimum GPM ( l/m) Required for 
3 ft/sec ( .91 m/sec) Flow Rate

Inches (mm)  GPM (l/m)  GPM (l/m) US GPM (l/m)

4 (102) 15 (57)

5 (127) 80 (303)

6 (152) 160 (606) 52 (197)

7 (178) 150 (568)

8 (203) 260 (984) 60 (227)

10 (254) 520 (1970) 330 (1250)

12 (305) 650 (2460)

14 (356) 1020 (3860)

16 (406) 1460 (5530)

6" Motor 8" Motor
Casing or

Sleeve I.D.

4" High 

Thrust Motor
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EXAMPLE:  A 6" pump end requiring 39 HP input will
pump 124°F water in an 8" well at a delivery rate of 140
GPM.  From Table 7A, a 6" flow sleeve will be required to
increase the flow rate to at least 3 ft/sec.

Using Table 8, the 1.62 heat factor multiplier is selected
because the HP required is over 30 HP and water
temperature is above 122°F.  Multiply 39 HP x 1.62 (multi-
plier), which equals 63.2 HP.  This is the minimum rated
service factor horsepower usable at 39 HP in 124°F.  Using

3. Multiply the pump horsepower required by
the heat factor multiplier from Table 8.

4. Select a rated HP motor on Table 8A whose
Service Factor Horsepower is at least the value
calculated in Item 3.

*���#����+���������
����,����

Table 8A, select a motor with a rated service factor horse-
power above 63.2 HP.  A 60 HP motor has a service factor
horsepower of 69, so a 60 HP motor may be used.

For many hot water applications Franklin Electric’s 8"
SEVERE DUTY MOTOR is more economical than a
de-rated 8" standard water well motor. See SEVERE DUTY
MOTOR application manual for additional options for hot
water pumping.

Table 8 - Heat Factor Multiplier at 3 ft/sec (.91 m/sec) Flow Rate

1.32
1.14
1.00
1.00

Over 30HP
Over 22 KW

2.00
1.62

1.14
1.00
1.00
1.00

7 1/2 - 30 HP
5.5 - 22 KW

1.62
1.32

1.00
1.00
1.00
1.00

1/3 - 5 HP
.25 - 3.7 KW

1.25
1.11

Maximum

Water Temperature

140°F (60°C)
131°F (55°C)
122°F (50°C)
113°F (45°C)
104°F (40°C)
  95°F (35°C)

Table 8  Heat Factor Multiplier at 3 ft/sec (.91 m/sec) Flow Rate

HP KW SFHP HP KW SFHP HP KW SFHP HP KW SFHP
1/3 0.25 0.58 3 2.2 3.45 25 18.5 28.75 100 75 115
1/2 0.37 0.8 5 3.7 5.75 30 22 34.5 125 90 143.75
3/4 0.55 1.12 7 1/2 5.5 8.62 40 30 46 150 110 175.5
1 0.75 1.4 10 7.5 11.5 50 37 57.5 175 130 201.25

1 1/2 1.1 1.95 15 11 17.25 60 45 69 200 150 230
2 1.5 2.5 20 15 23 75 55 86.25

Table 8A  Service Factor Horsepower

2. Determine pump horsepower required from
the pump manufacturer’s curve.

FIG. 2  MANUFACTURER’S PUMP CURVE

0
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Franklin Electric control boxes meet UL requirements for
NEMA Type 3R enclosures.  They are suitable for indoor
and outdoor applications within temperatures of +14°F
(-10°C) to 122°F (50°C).  Operating control boxes below
+14° F can cause reduced starting torque and loss of
overload protection when overloads are located in control
boxes.

Control boxes and panels should never be mounted in
direct sunlight or high temperature locations. This will

��������-�,��&�	���������������

cause shortened capacitor life and unnecessary tripping of
overload protectors.  A ventilated enclosure painted white
to reflect heat is recommended for an outdoor, high
temperature location.
A  damp well pit, or other humid location, accelerates
component failure from voltage breakdown and corrosion.
Control boxes with voltage relays are designed for vertical
upright mounting only.  Mounting in other positions will
affect the operation of the relay.

The National Electrical Code requires that the control box or
panel-grounding terminal always be connected to supply
ground. If the circuit has no grounding conductor and no
metal conduit from the box to supply panel, use a wire at
least as large as line conductors and connect as required
by the National Electrical Code, from the grounding terminal
to the electrical supply ground.

!����&������������-�,�
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Allowable motor temperature is based on atmospheric
pressure or higher surrounding the motor. “Drawdown
seals,” which seal the well to the pump above it’s intake to

!����&����������+���
���

An above ground surge arrestor must be grounded, metal
to metal, all the way to the water strata for the lightning
arrestor to be effective.  GROUNDING THE ARRESTOR
TO THE SUPPLY GROUND OR TO A DRIVEN GROUND
ROD PROVIDES LITTLE OR NO PROTECTION FOR
THE MOTOR.

WARNING: Failure to ground the control frame can result
in a serious or fatal electrical shock hazard if a circuit fault
occurs.

maximize delivery, are not recommended, since the suction
created can be lower than atmospheric pressure.
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BIAC Switch Operation
When power is applied the bi-metal switch contacts are
closed so the triac is conducting and energizes the start
winding. As RPM increases, the voltage in the sensor coil
generates heat in the bi-metal strip, causing the bi-metal
strip to bend and open the switch circuit. This removes the
starting winding and the motor continues to run on the
main winding alone.
Approximately 5 seconds after power is removed from the
motor, the bi-metal strip cools sufficiently to return to its
closed position and the motor is ready for the next start
cycle. If, during operation, the motor speed drops, the
lowered voltage in the sensor coil allows the bi-metal
contacts to close, and bring the motor back to operating
speed.

.�#��������������&�������������


Rapid Cycling
The BIAC starting switch will reset within approximately 5
seconds after the motor is stopped. If an attempt is made
to restart the motor before the starting switch has reset,
the motor may not start; however, there will be current in
the main winding until the overload protector interrupts the
circuit. The time for the protector to reset is longer than the
reset of the starting switch. Therefore, the start switch will
have closed and the motor will operate.
A waterlogged tank will cause fast cycling. When a
waterlogged condition does occur, the user will be alerted
to the problem during the off time (overload reset time)
since the pressure will drop drastically. When the water-
logged tank condition is detected the condition should be
corrected to prevent nuisance tripping of the overload
protector.
Bound Pump (Sandlocked)
When the motor is not free to turn, as with a sandlocked
pump, the BIAC switch creates a “reverse impact torque” in
the motor in either direction. When the sand is dislodged,
the motor will start and operate in the correct direction.

/ �0���
�1����&�����2
There are two elements in the relay: a reed switch and a
triac. The reed switch consists of two tiny rectangular
blade-type contacts, which bend under magnetic flux. It is
hermetically sealed in glass and is located within a coil,
which conducts line current. When power is supplied to the
control box, the main winding current passing through the
coil immediately closes the reed switch contacts. This turns
on the triac, which supplies voltage to the start winding,
thus starting the motor.
Once the motor is started, the operation of the QD relay is
an interaction between the triac, the reed switch and the

motor windings. The solid state switch senses motor speed
through the changing phase relationship between start
winding current and line current. As the motor approaches
running speed, the phase angle between the start current
and the line current become nearly in phase. At this point,
the reed switch contacts open, turning off the triac. This
removes voltage from the start winding and the motor
continues to run on the main winding only. With the reed
switch contacts open and the triac turned off, the QD relay
is ready for the next starting cycle.

Single phase three-wire submersible motors require the
use of control boxes.  Operation of motors without control
boxes or with incorrect boxes can result in motor failure
and voids warranty.
Control boxes contain starting capacitors, a starting relay,
and, in some sizes, overload protectors, running capacitors
and contactors.
Ratings through 1 HP may use a solid state or a potential
(voltage) type starting relay, while larger ratings use
potential relays.

Potential (Voltage) Relays
Potential relays have normally closed contacts.  When
power is applied, both start and main motor windings are

3�#������������-�,�


energized, and the motor starts. At this instant, the voltage
across the start winding is relatively low and not enough to
open the contacts of the relay.
As the motor accelerates, the increasing voltage across
the start winding (and the relay coil) opens the relay
contacts. This opens the starting circuit and the motor
continues to run on the main winding alone, or the main
plus run capacitor circuit. After the motor is started the
relay contacts remain open.

CAUTION:   Be certain that control box HP and voltage
match the motor.

CAUTION:  Restarting the motor within 5 seconds after
power is removed may cause the motor overload to trip.

10
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.�����3�#�����4��%�56�*7  (Service Entrance to Motor - Maximum Length In Feet)

1 Foot = .3048 Meter

Lengths not in bold type meet the U.S. National Electrical
Code ampacity for either individual conductors or jacketed
60°C or 75°C cable.

Lengths in bold type meet the National Electric Code
ampacity only for individual conductor 60°C  or 75°C cable,
in free air or water, not in magnetic enclosure or conduit. If
any other cable is used, the National Electric Code as well
as the local codes should be observed. Flat molded and
web cable is considered jacketed cable.

Cable lengths in Table 11 & 11A allow for a 5% voltage
drop running at maximum nameplate amperes. If 3%
voltage drop is desired multiply Table 11 and 11A lengths
by .6 to get maximum cable length.

Table 11 & 11A is based on copper wire. If aluminum wire

is used, it must be two sizes larger than copper wire and
oxidation inhibitors must be used on connections.

EXAMPLE: If Table 11 & 11A calls for #12 copper wire,
#10 aluminum wire would be required.

The portion of the total cable length which is between the
supply and single phase control box, with a line contactor,
should not exceed 25% of total maximum allowable to
ensure reliable contactor operation. Single phase control
boxes without line contactors may be connected at any
point in the total cable length.

Contact Franklin Electric for 90°C cable lengths. See
pages 14, 42, and 43 for applications using 230V motors
on 208V power systems.

11

Table 11A

Volts HP KW 14 12 10 8 6 4 3 2 1 0 00 000 0000
1/3 .25 130 210 340 540 840 1300 1610 1960 2390 2910 3540 4210 5060
1/2 .37 100 160 250 390 620 960 1190 1460 1780 2160 2630 3140 3770
1/3 .25 550 880 1390 2190 3400 5250 6520 7960 9690
1/2 .37 400 650 1020 1610 2510 3880 4810 5880 7170 8720
3/4 .55 300 480 760 1200 1870 2890 3580 4370 5330 6470 7870 9380
1 .75 250 400 630 990 1540 2380 2960 3610 4410 5360 6520 7780 9350

1 1/2 1.1 190 310 480 770 1200 1870 2320 2850 3500 4280 5240 6300 7620
2 1.5 150 250 390 620 970 1530 1910 2360 2930 3620 4480 5470 6700
3 2.2 120 190 300 470 750 1190 1490 1850 2320 2890 3610 4470 5550
5 3.7 0 110 180 280 450 710 890 1110 1390 1740 2170 2680 3330

7 1/2 5.5 0 0 120 200 310 490 610 750 930 1140 1410 1720 2100
10 7.5 0 0 0 160 250 390 490 600 750 930 1160 1430 1760
15 11 0 0 0 0 170 270 340 430 530 660 820 1020 1260

Motor Rating 75° C Insulation - AWG Copper Wire Size

115

230

Table 11

Volts HP KW 14 12 10 8 6 4 3 2 1 0 00 000 0000
1/3 .25 130 210 340 540 840 1300 1610 1960 2390 2910 3540 4210 5060

1/2 .37 100 160 250 390 620 960 1190 1460 1780 2160 2630 3140 3770

1/3 .25 550 880 1390 2190 3400 5250 6520 7960 9690 11770

1/2 .37 400 650 1020 1610 2510 3880 4810 5880 7170 8720

3/4 .55 300 480 760 1200 1870 2890 3580 4370 5330 6470 7870

1 .75 250 400 630 990 1540 2380 2960 3610 4410 5360 6520

1 1/2 1.1 190 310 480 770 1200 1870 2320 2850 3500 4280 5240

2 1.5 150 250 390 620 970 1530 1910 2360 2930 3620 4480

3 2.2 120 190 300 470 750 1190 1490 1850 2320 2890 3610

5 3.7 0 0 180 280 450 710 890 1110 1390 1740 2170 2680

7 1/2 5.5 0 0 0 200 310 490 610 750 930 1140 1410 1720

10 7.5 0 0 0 0 250 390 490 600 750 930 1160 1430 1760
15 11 0 0 0 0 170 270 340 430 530 660 820 1020 1260

Motor Rating 60° C Insulation - AWG Copper Wire Size

115

230
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Depending on the installation, any number of combinations
of cable may be used.

For example, in a replacement installation, the well already
has 160 feet of buried #10 cable between the service
entrance and the well head. The question is: What size
cable is required in the well with a 3 HP, 230 volt, single
phase motor setting at 310 feet?

1. From Table 11 & 11A, a 3 HP motor can use up to 300
feet of #10 AWG cable.

2. The application has 160 feet of buried #10 AWG cable.

3. 160 feet ÷ 300 feet (max allowable) is equal to 53.3% of
max allowable.

12

PUMP CONTROLS

SERVICE ENTRANCE
(MAIN FUSE BOX 
FROM METER)

CABLE

3 HP, 230 VOLT
1 PHASE MOTOR

31
0 

FT
. A

W
G

 6
(4

6.
7%

 O
F 

A
LL

O
W

A
B

LE
 C

A
B

LE
)

160 FT. AWG 10
(53.3% OF ALLOWABLE CABLE)

4. 100% - 53.3% = 46.7% remaining of another size
cable.

5. 310 feet (well head to motor) is 46.7% of max allowable
length of another cable size.

6. 310 feet ÷ .467 (46.7%) = 664 feet is max allowable.

7. 664 feet is less than or equal to what size cable in Table
11 or 11A under the 3 HP listing?

The table shows #8 is good for 470 feet, which is too
short. #6 is good for 750 feet, therefore #6 can be used
for the remaining 310 feet.

EXAMPLE: 3 HP, 230 Volt, 1 PH Motor
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(1) Main winding - yellow to black
Start winding - yellow to red

(2) Y = Yellow lead - line amps
B = Black lead - main winding amp
R = Red lead - start or auxiliary winding amps

Performance is typical, not guaranteed, at specified
voltages and specified capacitor values.

Performance at voltage ratings not shown is similar,
except amps vary inversely with voltage.

Table 13 Single Phase Motor Specifications (60 Hz) 3450 RPM

Full Maximum Winding (1) Locked

Load (S.F. Load) Res. In Ohms Rotor Nontime Dual Element Inverse

(2) (2) M=Main Res. Delay (Std.) Time Delay Time

Amps Amps S=Start Res. Fuse Fuse Breaker

244502 1/3 0.25 115 60 1.75 8.0 9.2 1.4-1.8 60 51 45 71 54 47 48.4 S 25 15 20

244503 1/3 0.25 230 60 1.75 4.0 4.6 6.0-7.4 60 51 45 71 54 47 24.2 S 15 8 15

244504 1/2 0.37 115 60 1.60 10.0 12.0 1.0-1.3 62 55 49 73 58 50 64.4 R 35 20 30

244505 1/2 0.37 230 60 1.60 5.0 6.0 4.2-5.2 62 55 49 73 58 50 32.2 R 20 10 15

244507 3/4 0.55 230 60 1.50 6.8 8.0 3.0-3.6 64 59 53 74 62 53 40.7 N 25 15 20

244508 1 0.75 230 60 1.40 8.2 9.8 2.2-2.7 65 62 57 74 63 54 48.7 N 30 20 25

244309 1 1/2 1.1 230 60 1.30 10.6 13.1 1.5-1.9 65 63 59 80 74 66 66.6 M 35 20 30

Y8.0 Y9.2

B8.0 B9.2

R0 R0

Y4.0 Y4.6

B4.0 B4.6

R0 R0

Y10.0 Y12.0

B10.0 B12.0

R0 R0

Y5.0 Y6.0

B5.0 B6.0

R0 R0

Y6.8 Y8.0

B6.8 B8.0

R0 R0

Y8.2 Y9.8

B8.2 B9.8

R0 R0

Y10.0 Y11.5

B9.9 B11.0

R1.3 R1.3

Y10.0 Y13.2

B9.3 B11.9

R2.6 R2.6

Y14.0 Y17.0

B12.2 B14.5

R4.7 R4.5

Y23.0 Y27.5

B19.1 B23.2

R8.0 R7.8

Y23.0 Y27.5

B18.2 B23.2

R8.0 R7.8

Y36.5 Y42.1

B34.4 B40.5

R5.5 R5.4

Y44.0 Y51.0

B39.5 B47.5

R9.3 R8.9

Y62.0 Y75.0

B52.0 B62.5

R17.5 R16.9

HP

Type

Rating

S.F.HzVoltsKW 3/4

Circuit Breakers or Fuse Amps

S.F. F.L. 3/4

Efficiency %
Power 

Factor %
KVA

AMPS CodeS.F. F.L. 

60

4 
In

ch
 2

 -
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e

4 
In

ch
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e

4 
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w
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115

115

230

230

230224302

224303

6 
In

ch

Motor 
Model 
Prefix

214502

214503

214504

214505

214507

214508

224300

224301

226110

226111

226112

226113

1/3 0.25

1/3 0.25

1/2 0.37

1/2 0.37

3/4 0.55

1 0.75

1 1/2 1.1

2 1.5

3 2.2

5 3.7

5 3.7

7 1/2 5.5

10 7.5

15 11

1.75

230 60 1.75

60 1.60

230 60 1.60

60 1.50

230 60 1.40

60 1.30

230 60 1.25

60 1.15

230 60 1.15

230 60 1.15

230 60 1.15

230 60 1.15

230 60 1.15

60 51 45 71 54 47 34.8 N 25 15 20

60 51 45 71 54 N 15

62 55 49 73 58 50

47 17.2

20

8 15

50.5 M 35 20 30

10 1558 50 23.0 M62 55 49 73

64 59 53 74 62 53 34.2 M 25 15 20

65 62 57 74 63 54 41.8 L 30 20 25

68 66 62 81 74 66 52.0 J 35 20 30

70 71 69 93 91 87 51.0 G 30 20 25

G71 72 70 98

121.0

98 96 82.0

80 45 60

45 30 40

76 75 72

F71 72 70 98 96 94

98 98 99 99.0 E 80 45 60

73 74 74 91 90 87 165.0 F

76 77 76 96 80 125

125 70 100

97

E 15096 95 204.0

200 125 175
M.17-.22      
S.68-.93

98 98 303.0 E79 80 80

M.27-.33      
S.80-.99

M.36-.50      
S.92-1.2

M.55-.68      
S1.3-1.6

M.68-1.0      
S2.1-2.8

M.9-1.5       
S3.0-4.9

M1.6-2.3      
S5.2-7.15

M1.5-2.3      
S6.2-12.0

M2.2-2.7      
S10.1-12.3

M1.4-1.8      
S6.5-7.9

M3.0-3.6      
S11.0-13.4

M4.2-5.2      
S16.7-20.5

M1.0-1.3      
S4.1-5.1

M6.0-7.4      
S26.1-32.0



Buck-Boost transformers are power transformers, not control transformers. They may also be used to lower voltage when
the available power supply voltage is too high.
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Added capacitors must be connected across “Red” and
“Black” control box terminals, in parallel with any existing
running capacitors. The additional capacitor(s) should be
mounted in an auxiliary box. The values of additional
running capacitors most likely to reduce noise are given
below. The tabulation gives the S.F. amps normally in each
lead with the added capacitor.

(1)   Do not add running capacitors to standard production 1/3 through 1 HP control boxes, which use
        current relays, solid state starting switches or QD relays! Adding capacitors will cause switch failure.
        If the control box is converted to use a voltage relay, the specified running capacitance can be added.
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When the available power supply voltage is not within the
proper range, a buck-boost transformer is often used to
adjust voltage to match the motor.  The most common
usage on submersible motors is boosting a 208 volt supply
to use a standard 230 volt single phase submersible motor
and control.  While tables to give a wide range of voltage

boost or buck are published by transformer manufactur-
ers, the following table shows Franklin’s recommenda-
tions. The table, based on boosting the voltage 10%,
shows the minimum rated transformer KVA needed and
the common standard transformer KVA.

14

Table 14 Auxiliary Capacitor Sizing

Normal Running 

Capacitor(s)

HP Volts Mfd. Mfd Min. Volts Franklin Part Yellow Black Red 

1/3 0 45(1) 370 One 155327109 6.3 5.3 2.9

1/2 0 60(1) 370 Two 155327101 8.4 7.0 4.0

1/3 0 10(1) 370 One 155328102 3.3 3.1 1.2

1/2 0 15(1) 370 One 155328101 4.2 3.5 2.0

3/4 0 20(1) 370 One 155328103 5.8 5.0 2.5

  One ea. 155328101

155328102

1 1/2 10 20 370 One 155328103 9.3 7.5 4.4

2 20 10 370 One 155328102 11.2 9.2 3.8

3 35 10 370 One 155328102 16.1 13.0 5.9

5 60 None 370 27.5 23.2 7.8

  One ea. 155327101

155328101

10 70 30 370 One 155327101 49.0 42.0 13.0

15 135 None 75.0 62.5 16.9

32.0 11.345 37045 37.0

0 7.1 5.6 3.4370

S.F. Amps with Run Cap
Auxilary Running Capacitors For 

Noise Reduction

25(1)

Motor Rating

1

7 1/2

115

230

Table 14A Buck-Boost Transformer Sizing 

Motor HP 1/3 1/2 3/4 1 1 1/2 2 3 5 7 1/2 10 15

Load KVA 1.02 1.36 1.84 2.21 2.65 3.04 3.91 6.33 9.66 11.70 16.60

Minimum XFMR KVA 0.11 0.14 0.19 0.22 0.27 0.31 0.40 0.64 0.97 1.20 1.70

Standard XFMR KVA 0.25 0.25 0.25 0.25 0.50 0.50 0.50 0.75 1.00 1.50 2.00
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Table 15   Three Phase 60°C Cable, 60 Hz (Service Entrance to Motor) Maximum Length in Feet

Continued on page 16

Volts HP KW 14 12 10 8 6 4 3 2 1 0 00 000 0000 250 300 350 400 500

1/2 0.37 710 1140 1800 2840 4420

200 v 3/4 0.55 510 810 1280 2030 3160

60Hz 1 0.75 430 690 1080 1710 2670 4140 5140

Three 1 1/2 1.1 310 500 790 1260 1960 3050 3780

Phase 2 1.5 240 390 610 970 1520 2360 2940 3610 4430 5420

3 - Lead 3 2.2 180 290 470 740 1160 1810 2250 2760 3390 4130

5 3.7 110 170 280 440 690 1080 1350 1660 2040 2490 3050 3670 4440 5030

7 1/2 5.5 0 0 200 310 490 770 960 1180 1450 1770 2170 2600 3150 3560

10 7.5 0 0 0 230 370 570 720 880 1090 1330 1640 1970 2390 2720 3100 3480 3800 4420

15 11 0 0 0 160 250 390 490 600 740 910 1110 1340 1630 1850 2100 2350 2570 2980

20 15 0 0 0 0 190 300 380 460 570 700 860 1050 1270 1440 1650 1850 2020 2360

25 18.5 0 0 0 0 0 240 300 370 460 570 700 840 1030 1170 1330 1500 1640 1900

30 22 0 0 0 0 0 0 250 310 380 470 580 700 850 970 1110 1250 1360 1590

1/2 0.37 930 1490 2350 3700 5760 8910

230V 3/4 0.55 670 1080 1700 2580 4190 6490 8060 9860

60 Hz 1 0.75 560 910 1430 2260 3520 5460 6780 8290

Three 1 1/2 1.1 420 670 1060 1670 2610 4050 5030 6160 7530 9170

Phase 2 1.5 320 510 810 1280 2010 3130 3890 4770 5860 7170 8780

3 - Lead 3 2.2 240 390 620 990 1540 2400 2980 3660 4480 5470 6690 8020 9680

5 3.7 140 230 370 590 920 1430 1790 2190 2690 3290 4030 4850 5870 6650 7560 8460 9220

7 1/2 5.5 0 160 260 420 650 1020 1270 1560 1920 2340 2870 3440 4160 4710 5340 5970 6500 7510

10 7.5 0 0 190 310 490 760 950 1170 1440 1760 2160 2610 3160 3590 4100 4600 5020 5840

15 11 0 0 0 210 330 520 650 800 980 1200 1470 1780 2150 2440 2780 3110 3400 3940

20 15 0 0 0 0 250 400 500 610 760 930 1140 1380 1680 1910 2180 2450 2680 3120

25 18.5 0 0 0 0 0 320 400 500 610 750 920 1120 1360 1540 1760 1980 2160 2520

30 22 0 0 0 0 0 260 330 410 510 620 760 930 1130 1280 1470 1650 1800 2110

1/2 0.37 2690 4290 6730

380V 3/4 0.55 2000 3190 5010 7860

60 Hz 1 0.75 1620 2580 4060 6390 9980

Three 1 1/2 1.1 1230 1970 3100 4890 7630

Phase 2 1.5 870 1390 2180 3450 5400 8380

3 - Lead 3 2.2 680 1090 1710 2690 4200 6500 8020 9830

5 3.7 400 640 1010 1590 2490 3870 4780 5870 7230 8830

7 1/2 5.5 270 440 690 1090 1710 2640 3260 4000 4930 6010 7290 8780

10 7.5 200 320 510 800 1250 1930 2380 2910 3570 4330 5230 6260 7390 8280 9340

15 11 0 0 370 590 920 1430 1770 2170 2690 3290 4000 4840 5770 6520 7430 8250 8990

20 15 0 0 0 440 700 1090 1350 1670 2060 2530 3090 3760 4500 5110 5840 6510 7120 8190

25 18.5 0 0 0 360 570 880 1100 1350 1670 2050 2510 3040 3640 4130 4720 5250 5740 6590

30 22 0 0 0 0 470 730 910 1120 1380 1700 2080 2520 3020 3430 3920 4360 4770 5490

40 30 0 0 0 0 0 530 660 820 1010 1240 1520 1840 2200 2500 2850 3170 3470 3990

50 37 0 0 0 0 0 0 540 660 820 1000 1220 1480 1770 2010 2290 2550 2780 3190

60 45 0 0 0 0 0 0 0 560 690 850 1030 1250 1500 1700 1940 2150 2350 2700

75 55 0 0 0 0 0 0 0 0 570 700 860 1050 1270 1440 1660 1850 2030 2350

100 75 0 0 0 0 0 0 0 0 0 510 630 760 910 1030 1180 1310 1430 1650

125 90 0 0 0 0 0 0 0 0 0 0 0 620 740 840 950 1060 1160 1330

150 110 0 0 0 0 0 0 0 0 0 0 0 0 620 700 790 880 960 1090

175 130 0 0 0 0 0 0 0 0 0 0 0 0 0 650 750 840 920 1070

200 150 0 0 0 0 0 0 0 0 0 0 0 0 0 0 630 700 760 880

Motor Rating MCM Copper Wire Size60°C Insulation - AWG Copper Wire Size 
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Table 16  Three Phase 60°C Cable (Continued)

See Footnotes on Page 11 for information on bold figures.

Volts HP KW 14 12 10 8 6 4 3 2 1 0 00 000 0000 250 300 350 400 500

1/2 0.37 3770 6020 9460

460V 3/4 0.55 2730 4350 6850

60Hz 1 0.75 2300 3670 5770 9070

Three 1 1/2 1.1 1700 2710 4270 6730

Phase 2 1.5 1300 2070 3270 5150 8050

3 - Lead 3 2.2 1000 1600 2520 3970 6200

5 3.7 590 950 1500 2360 3700 5750

7 1/2 5.5 420 680 1070 1690 2640 4100 5100 6260 7680

10 7.5 310 500 790 1250 1960 3050 3800 4680 5750 7050

15 11 0 340 540 850 1340 2090 2600 3200 3930 4810 5900 7110

20 15 0 0 410 650 1030 1610 2000 2470 3040 3730 4580 5530

25 18.5 0 0 0 530 830 1300 1620 1990 2450 3010 3700 4470 5430

30 22 0 0 0 430 680 1070 1330 1640 2030 2490 3060 3700 4500 5130 5860

40 30 0 0 0 0 500 790 980 1210 1490 1830 2250 2710 3290 3730 4250

50 37 0 0 0 0 0 640 800 980 1210 1480 1810 2190 2650 3010 3420 3830 4180 4850

60 45 0 0 0 0 0 540 670 830 1020 1250 1540 1850 2240 2540 2890 3240 3540 4100

75 55 0 0 0 0 0 0 0 680 840 1030 1260 1520 1850 2100 2400 2700 2950 3440

100 75 0 0 0 0 0 0 0 0 620 760 940 1130 1380 1560 1790 2010 2190 2550

125 90 0 0 0 0 0 0 0 0 0 0 740 890 1000 1220 1390 1560 1700 1960

150 110 0 0 0 0 0 0 0 0 0 0 0 760 920 1050 1190 1340 1460 1690

175 130 0 0 0 0 0 0 0 0 0 0 0 0 810 930 1060 1190 1300 1510

200 150 0 0 0 0 0 0 0 0 0 0 0 0 0 810 920 1030 1130 1310

1/2 0.37 5900 9410

575V 3/4 0.55 4270 6810

60 Hz 1 0.75 3630 5800 9120

Three 1 1/2 1.1 2620 4180 6580

Phase 2 1.5 2030 3250 5110 8060

3 - Lead 3 2.2 1580 2530 3980 6270

5 3.7 920 1480 2330 3680 5750

7 1/2 5.5 660 1060 1680 2650 4150

10 7.5 490 780 1240 1950 3060 4770 5940

15 11 330 530 850 1340 2090 3260 4060

20 15 0 410 650 1030 1610 2520 3140 3860 4760 5830

25 19 0 0 520 830 1300 2030 2530 3110 3840 4710

30 22 0 0 430 680 1070 1670 2080 2560 3160 3880 4770 5780 7030 8000

40 30 0 0 0 500 790 1240 1540 1900 2330 2860 3510 4230 5140 5830

50 37 0 0 0 0 640 1000 1250 1540 1890 2310 2840 3420 4140 4700 5340 5990 6530 7580

60 45 0 0 0 0 0 850 1060 1300 1600 1960 2400 2890 3500 3970 4520 5070 5530 6410

75 55 0 0 0 0 0 690 860 1060 1310 1600 1970 2380 2890 3290 3750 5220 4610 5370

100 75 0 0 0 0 0 0 0 790 970 1190 1460 1770 2150 2440 2790 3140 3430 3990

125 90 0 0 0 0 0 0 0 0 770 950 1160 1400 1690 1920 2180 2440 2650 3070

150 110 0 0 0 0 0 0 0 0 0 800 990 1190 1440 1630 1860 2080 2270 2640

175 130 0 0 0 0 0 0 0 0 0 0 870 1050 1270 1450 1650 1860 2030 2360

200 150 0 0 0 0 0 0 0 0 0 0 0 920 1110 1260 1440 1620 1760 2050

Motor Rating 60°C Insulation - AWG Copper Wire Size MCM Copper Wire Size
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Table 17  Three Phase 60°C Cable (Continued)

See Footnotes on Page 11 for information on bold figures.

Volts HP KW 14 12 10 8 6 4 3 2 1 0 00 000 0000 250 300 350 400 500

200V 5 3.7 160 250 420 660 1030 1620 2020 2490 3060 3730 4570 5500 6660 7540

60Hz 7 1/2 5.5 110 180 300 460 730 1150 1440 1770 2170 2650 3250 3900 4720 5340

Three 10 7.5 80 130 210 340 550 850 1080 1320 1630 1990 2460 2950 3580 4080 4650 5220 5700 6630

Phase 15 11 0 0 140 240 370 580 730 900 1110 1360 1660 2010 2440 2770 3150 3520 3850 4470

6 - Lead 20 15 0 0 0 170 280 450 570 690 850 1050 1290 1570 1900 2160 2470 2770 3030 3540

Y-D 25 18.5 0 0 0 140 220 360 450 550 690 850 1050 1260 1540 1750 1990 2250 2460 2850

30 22 0 0 0 0 180 294 370 460 570 700 870 1050 1270 1450 1660 1870 2040 2380

230V 5 3.7 210 340 550 880 1380 2140 2680 3280 4030 4930 6040 7270 8800 9970

60Hz 7 1/2 5.5 150 240 390 630 970 1530 1900 2340 2880 3510 4300 5160 6240 7060 8010 8950 9750

Three 10 7.5 110 180 280 460 730 1140 1420 1750 2160 2640 3240 3910 4740 5380 6150 6900 7530 8760

Phase 15 11 0 0 190 310 490 780 970 1200 1470 1800 2200 2670 3220 3660 4170 4660 5100 5910

6 - Lead 20 15 0 0 140 230 370 600 750 910 1140 1390 1710 2070 2520 2860 3270 3670 4020 4680

Y-D 25 18.5 0 0 0 190 300 480 600 750 910 1120 1380 1680 2040 2310 2640 2970 3240 3780

30 22 0 0 0 150 240 390 490 610 760 930 1140 1390 1690 1920 2200 2470 2700 3160

380V 5 3.7 600 960 1510 2380 3730 5800 7170 8800

60Hz 7 1/2 5.5 400 660 1030 1630 2560 3960 4890 6000 7390 9010

Three 10 7.5 300 480 760 1200 1870 2890 3570 4360 5350 6490 7840 9390

Phase 15 11 210 340 550 880 1380 2140 2650 3250 4030 4930 6000 7260 8650 9780

6 - Lead 20 15 160 260 410 660 1050 1630 2020 2500 3090 3790 4630 5640 6750 7660 4260 9760

Y-D 25 18.5 0 210 330 540 850 1320 1650 2020 2500 3070 3760 4560 5460 6190 7080 7870 8610 9880

30 22 0 0 270 430 700 1090 1360 1680 2070 2550 3120 3780 4530 5140 5880 6540 7150 8230

40 30 0 0 0 320 510 790 990 1230 1510 1860 2280 2760 3300 3750 4270 4750 5200 5980

50 37 0 0 0 250 400 630 810 990 1230 1500 1830 2220 2650 3010 3430 3820 4170 4780

60 45 0 0 0 0 340 540 660 840 1030 1270 1540 1870 2250 2550 2910 3220 3520 4050

75 55 0 0 0 0 0 450 550 690 855 1050 1290 1570 1900 2160 2490 2770 3040 3520

100 75 0 0 0 0 0 0 420 520 640 760 940 1140 1360 1540 1770 1960 2140 2470

125 90 0 0 0 0 0 0 0 400 490 600 730 930 1110 1260 1420 1590 1740 1990

150 110 0 0 0 0 0 0 0 0 420 510 620 750 930 1050 1180 1320 1440 1630

175 130 0 0 0 0 0 0 0 0 360 440 540 660 780 970 1120 1260 1380 1600

200 150 0 0 0 0 0 0 0 0 0 0 480 580 690 790 940 1050 1140 1320

460V 5 3.7 880 1420 2250 3540 5550 8620

60Hz 7 1/2 5.5 630 1020 1600 2530 3960 6150 7650 9390

Three 10 7.5 460 750 1180 1870 2940 4570 5700 7020 8620

Phase 15 11 310 510 810 1270 2010 3130 3900 4800 5890 7210 8850

6 - Lead 20 15 230 380 610 970 1540 2410 3000 3700 4560 5590 6870 8290

Y-D 25 18.5 190 310 490 790 1240 1950 2430 2980 3670 4510 5550 6700 8140

30 22 0 250 410 640 1020 1600 1990 2460 3040 3730 4590 5550 6750 7690 8790

40 30 0 0 300 480 750 1180 1470 1810 2230 2740 3370 4060 4930 5590 6370

50 37 0 0 0 370 590 960 1200 1470 1810 2220 2710 3280 3970 4510 5130 5740 6270 7270

60 45 0 0 0 320 500 810 1000 1240 1530 1870 2310 2770 3360 3810 4330 4860 5310 6150

75 55 0 0 0 0 420 660 810 1020 1260 1540 1890 2280 2770 3150 3600 4050 4420 5160

100 75 0 0 0 0 0 500 610 760 930 1140 1410 1690 2070 2340 2680 3010 3280 3820

125 90 0 0 0 0 0 0 470 590 730 880 1110 1330 1500 1830 2080 2340 2550 2940

150 110 0 0 0 0 0 0 0 510 630 770 950 1140 1380 1570 1790 2000 2180 2530

175 130 0 0 0 0 0 0 0 0 550 680 830 1000 1220 1390 1580 1780 1950 2270

200 150 0 0 0 0 0 0 0 0 0 590 730 880 1070 1210 1380 1550 1690 1970

575V 5 3.7 1380 2220 3490 5520 8620

60Hz 7 1/2 5.5 990 1590 2520 3970 6220

Three 10 7.5 730 1170 1860 2920 4590 7150 8910

Phase 15 11 490 790 1270 2010 3130 4890 6090

6 - Lead 20 15 370 610 970 1540 2410 3780 4710 5790 7140 8740

Y-D 25 18.5 300 490 780 1240 1950 3040 3790 4660 5760 7060

30 22 240 400 645 1020 1600 2500 3120 3840 4740 5820 7150 8670

40 30 0 300 480 750 1180 1860 2310 2850 3490 4290 5260 6340 7710 8740

50 37 0 0 380 590 960 1500 1870 2310 2830 3460 4260 5130 6210 7050 8010 8980 9790

60 45 0 0 0 500 790 1270 1590 1950 2400 2940 3600 4330 5250 5950 6780 7600 8290 9610

75 55 0 0 0 420 660 1030 1290 1590 1960 2400 2950 3570 4330 4930 5620 6330 6910 8050

100 75 0 0 0 0 400 780 960 1180 1450 1780 2190 2650 3220 3660 4180 4710 5140 5980

125 90 0 0 0 0 0 600 740 920 1150 1420 1740 2100 2530 2880 3270 3660 3970 4600

150 110 0 0 0 0 0 0 650 800 990 1210 1480 1780 2160 2450 2790 3120 3410 3950

175 130 0 0 0 0 0 0 0 700 860 1060 1300 1570 1910 2170 2480 2780 3040 3540

200 150 0 0 0 0 0 0 0 0 760 930 1140 1370 1670 1890 2160 2420 2640 3070

Motor Rating 60°C Insulation - AWG Copper Wire Size MCM Copper Wire Size
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Table 18  Three Phase 75°C Cable, 60 Hz (Service Entrance to Motor) Maximum Length in Feet

Continued on page 19

Volts HP KW 14 12 10 8 6 4 3 2 1 0 00 000 0000 250 300 350 400 500

1/2 0.37 710 1140 1800 2840 4420

200 v 3/4 0.55 510 810 1280 2030 3160

60Hz 1 0.75 430 690 1080 1710 2670 4140 5140

Three 1 1/2 1.1 310 500 790 1260 1960 3050 3780

Phase 2 1.5 240 390 610 970 1520 2360 2940 3610 4430 5420

3 - Lead 3 2.2 180 290 470 740 1160 1810 2250 2760 3390 4130

5 3.7 110 170 280 440 690 1080 1350 1660 2040 2490 3050 3670 4440 5030

7 1/2 5.5 0 0 200 310 490 770 960 1180 1450 1770 2170 2600 3150 3560

10 7.5 0 0 150 230 370 570 720 880 1090 1330 1640 1970 2390 2720 3100 3480 3800 4420

15 11 0 0 0 160 250 390 490 600 740 910 1110 1340 1630 1850 2100 2350 2570 2980

20 15 0 0 0 0 190 300 380 460 570 700 860 1050 1270 1440 1650 1850 2020 2360

25 18.5 0 0 0 0 0 240 300 370 460 570 700 840 1030 1170 1330 1500 1640 1900

30 22 0 0 0 0 0 200 250 310 380 470 580 700 850 970 1110 1250 1360 1590

1/2 0.37 930 1490 2350 3700 5760 8910

230V 3/4 0.55 670 1080 1700 2580 4190 6490 8060 9860

60 Hz 1 0.75 560 910 1430 2260 3520 5460 6780 8290

Three 1 1/2 1.1 420 670 1060 1670 2610 4050 5030 6160 7530 9170

Phase 2 1.5 320 510 810 1280 2010 3130 3890 4770 5860 7170 8780

3 - Lead 3 2.2 240 390 620 990 1540 2400 2980 3660 4480 5470 6690 8020 9680

5 3.7 140 230 370 590 920 1430 1790 2190 2690 3290 4030 4850 5870 6650 7560 8460 9220

7 1/2 5.5 0 160 260 420 650 1020 1270 1560 1920 2340 2870 3440 4160 4710 5340 5970 6500 7510

10 7.5 0 0 190 310 490 760 950 1170 1440 1760 2160 2610 3160 3590 4100 4600 5020 5840

15 11 0 0 0 210 330 520 650 800 980 1200 1470 1780 2150 2440 2780 3110 3400 3940

20 15 0 0 0 160 250 400 500 610 760 930 1140 1380 1680 1910 2180 2450 2680 3120

25 18.5 0 0 0 0 200 320 400 500 610 750 920 1120 1360 1540 1760 1980 2160 2520

30 22 0 0 0 0 0 260 330 410 510 620 760 930 1130 1280 1470 1650 1800 2110

1/2 0.37 2690 4290 6730

380V 3/4 0.55 2000 3190 5010 7860

60 Hz 1 0.75 1620 2580 4060 6390 9980

Three 1 1/2 1.1 1230 1970 3100 4890 7630

Phase 2 1.5 870 1390 2180 3450 5400 8380

3 - Lead 3 2.2 680 1090 1710 2690 4200 6500 8020 9830

5 3.7 400 640 1010 1590 2490 3870 4780 5870 7230 8830

7 1/2 5.5 270 440 690 1090 1710 2640 3260 4000 4930 6010 7290 8780

10 7.5 200 320 510 800 1250 1930 2380 2910 3570 4330 5230 6260 7390 8280 9340

15 11 0 0 370 590 920 1430 1770 2170 2690 3290 4000 4840 5770 6520 7430 8250 8990

20 15 0 0 280 440 700 1090 1350 1670 2060 2530 3090 3760 4500 5110 5840 6510 7120 8190

25 18.5 0 0 0 360 570 880 1100 1350 1670 2050 2510 3040 3640 4130 4720 5250 5740 6590

30 22 0 0 0 290 470 730 910 1120 1380 1700 2080 2520 3020 3430 3920 4360 4770 5490

40 30 0 0 0 0 0 530 660 820 1010 1240 1520 1840 2200 2500 2850 3170 3470 3990

50 37 0 0 0 0 0 440 540 660 820 1000 1220 1480 1770 2010 2290 2550 2780 3190

60 45 0 0 0 0 0 370 460 560 690 850 1030 1250 1500 1700 1940 2150 2350 2700

75 55 0 0 0 0 0 0 0 460 570 700 860 1050 1270 1440 1660 1850 2030 2350

100 75 0 0 0 0 0 0 0 0 420 510 630 760 910 1030 1180 1310 1430 1650

125 90 0 0 0 0 0 0 0 0 0 0 510 620 740 840 950 1060 1160 1330

150 110 0 0 0 0 0 0 0 0 0 0 0 520 620 700 790 880 960 1090

175 130 0 0 0 0 0 0 0 0 0 0 0 0 560 650 750 840 920 1070

200 150 0 0 0 0 0 0 0 0 0 0 0 0 0 550 630 700 760 880

Motor Rating 75°C Insulation - AWG Copper Wire Size MCM Copper Wire Size
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Table 19 Three Phase 75°C Cable (Continued)

See Footnotes on Page 11 for information on bold figures.

Volts HP KW 14 12 10 8 6 4 3 2 1 0 00 000 0000 250 300 350 400 500

1/2 0.37 3770 6020 9460

460V 3/4 0.55 2730 4350 6850

60Hz 1 0.75 2300 3670 5770 9070

Three 1 1/2 1.1 1700 2710 4270 6730

Phase 2 1.5 1300 2070 3270 5150 8050

3 - Lead 3 2.2 1000 1600 2520 3970 6200

5 3.7 590 950 1500 2360 3700 5750

7 1/2 5.5 420 680 1070 1690 2640 4100 5100 6260 7680

10 7.5 310 500 790 1250 1960 3050 3800 4680 5750 7050

15 11 0 340 540 850 1340 2090 2600 3200 3930 4810 5900 7110

20 15 0 0 410 650 1030 1610 2000 2470 3040 3730 4580 5530

25 18.5 0 0 330 530 830 1300 1620 1990 2450 3010 3700 4470 5430

30 22 0 0 270 430 680 1070 1330 1640 2030 2490 3060 3700 4500 5130 5860

40 30 0 0 0 320 500 790 980 1210 1490 1830 2250 2710 3290 3730 4250

50 37 0 0 0 0 410 640 800 980 1210 1480 1810 2190 2650 3010 3420 3830 4180 4850

60 45 0 0 0 0 0 540 670 830 1020 1250 1540 1850 2240 2540 2890 3240 3540 4100

75 55 0 0 0 0 0 440 550 680 840 1030 1260 1520 1850 2100 2400 2700 2950 3440

100 75 0 0 0 0 0 0 0 500 620 760 940 1130 1380 1560 1790 2010 2190 2550

125 90 0 0 0 0 0 0 0 0 0 600 740 890 1000 1220 1390 1560 1700 1960

150 110 0 0 0 0 0 0 0 0 0 0 630 760 920 1050 1190 1340 1460 1690

175 130 0 0 0 0 0 0 0 0 0 0 0 370 810 930 1060 1190 1300 1510

200 150 0 0 0 0 0 0 0 0 0 0 0 590 710 810 920 1030 1130 1310

1/2 0.37 5900 9410

575V 3/4 0.55 4270 6810

60 Hz 1 0.75 3630 5800 9120

Three 1 1/2 1.1 2620 4180 6580

Phase 2 1.5 2030 3250 5110 8060

3 - Lead 3 2.2 1580 2530 3980 6270

5 3.7 920 1480 2330 3680 5750

7 1/2 5.5 660 1060 1680 2650 4150

10 7.5 490 780 1240 1950 3060 4770 5940

15 11 330 530 850 1340 2090 3260 4060

20 15 0 410 650 1030 1610 2520 3140 3860 4760 5830

25 19 0 0 520 830 1300 2030 2530 3110 3840 4710

30 22 0 0 430 680 1070 1670 2080 2560 3160 3880 4770 5780 7030 8000

40 30 0 0 0 500 790 1240 1540 1900 2330 2860 3510 4230 5140 5830

50 37 0 0 0 410 640 1000 1250 1540 1890 2310 2840 3420 4140 4700 5340 5990 6530 7580

60 45 0 0 0 0 540 850 1060 1300 1600 1960 2400 2890 3500 3970 4520 5070 5530 6410

75 55 0 0 0 0 0 690 860 1060 1310 1600 1970 2380 2890 3290 3750 5220 4610 5370

100 75 0 0 0 0 0 0 640 790 970 1190 1460 1770 2150 2440 2790 3140 3430 3990

125 90 0 0 0 0 0 0 0 630 770 950 1160 1400 1690 1920 2180 2440 2650 3070

150 110 0 0 0 0 0 0 0 0 660 800 990 1190 1440 1630 1860 2080 2270 2640

175 130 0 0 0 0 0 0 0 0 0 700 870 1050 1270 1450 1650 1860 2030 2360

200 150 0 0 0 0 0 0 0 0 0 0 760 920 1110 1260 1440 1620 1760 2050

Motor Rating 75°C Insulation - AWG Copper Wire Size MCM Copper Wire Size
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Table 20  Three Phase 75°C Cable (Continued)

See Footnotes on Page 11 for information on bold figures.

Volts HP KW 14 12 10 8 6 4 3 2 1 0 00 000 0000 250 300 350 400 500

200V 5 3.7 160 250 420 660 1030 1620 2020 2490 3060 3730 4570 5500 6660 7540

60Hz 7 1/2 5.5 110 180 300 460 730 1150 1440 1770 2170 2650 3250 3900 4720 5340

Three 10 7.5 80 130 210 340 550 850 1080 1320 1630 1990 2460 2950 3580 4080 4650 5220 5700 6630

Phase 15 11 0 0 140 240 370 580 730 900 1110 1360 1660 2010 2440 2770 3150 3520 3850 4470

6 - Lead 20 15 0 0 120 170 280 450 570 690 850 1050 1290 1570 1900 2160 2470 2770 3030 3540

Y-D 25 18.5 0 0 0 140 220 360 450 550 690 850 1050 1260 1540 1750 1990 2250 2460 2850

30 22 0 0 0 120 180 294 370 460 570 700 870 1050 1270 1450 1660 1870 2040 2380

230V 5 3.7 210 340 550 880 1380 2140 2680 3280 4030 4930 6040 7270 8800 9970

60Hz 7 1/2 5.5 150 240 390 630 970 1530 1900 2340 2880 3510 4300 5160 6240 7060 8010 8950 9750

Three 10 7.5 110 180 280 460 730 1140 1420 1750 2160 2640 3240 3910 4740 5380 6150 6900 7530 8760

Phase 15 11 0 130 190 310 490 780 970 1200 1470 1800 2200 2670 3220 3660 4170 4660 5100 5910

6 - Lead 20 15 0 0 140 230 370 600 750 910 1140 1390 1710 2070 2520 2860 3270 3670 4020 4680

Y-D 25 18.5 0 0 120 190 300 480 600 750 910 1120 1380 1680 2040 2310 2640 2970 3240 3780

30 22 0 0 0 150 240 390 490 610 760 930 1140 1390 1690 1920 2200 2470 2700 3160

380V 5 3.7 600 960 1510 2380 3730 5800 7170 8800

60Hz 7 1/2 5.5 400 660 1030 1630 2560 3960 4890 6000 7390 9010

Three 10 7.5 300 480 760 1200 1870 2890 3570 4360 5350 6490 7840 9390

Phase 15 11 210 340 550 880 1380 2140 2650 3250 4030 4930 6000 7260 8650 9780

6 - Lead 20 15 160 260 410 660 1050 1630 2020 2500 3090 3790 4630 5640 6750 7660 4260 9760

Y-D 25 18.5 0 210 330 540 850 1320 1650 2020 2500 3070 3760 4560 5460 6190 7080 7870 8610 9880

30 22 0 0 270 430 700 1090 1360 1680 2070 2550 3120 3780 4530 5140 5880 6540 7150 8230

40 30 0 0 210 320 510 790 990 1230 1510 1860 2280 2760 3300 3750 4270 4750 5200 5980

50 37 0 0 0 250 400 630 810 990 1230 1500 1830 2220 2650 3010 3430 3820 4170 4780

60 45 0 0 0 0 340 540 660 840 1030 1270 1540 1870 2250 2550 2910 3220 3520 4050

75 55 0 0 0 0 290 450 550 690 855 1050 1290 1570 1900 2160 2490 2770 3040 3520

100 75 0 0 0 0 0 340 420 520 640 760 940 1140 1360 1540 1770 1960 2140 2470

125 90 0 0 0 0 0 0 340 400 490 600 730 930 1110 1260 1420 1590 1740 1990

150 110 0 0 0 0 0 0 0 350 420 510 620 750 930 1050 1180 1320 1440 1630

175 130 0 0 0 0 0 0 0 0 360 440 540 660 780 970 1120 1260 1380 1600

200 150 0 0 0 0 0 0 0 0 0 410 480 580 690 790 940 1050 1140 1320

460V 5 3.7 880 1420 2250 3540 5550 8620

60Hz 7 1/2 5.5 630 1020 1600 2530 3960 6150 7650 9390

Three 10 7.5 460 750 1180 1870 2940 4570 5700 7020 8620

Phase 15 11 310 510 810 1270 2010 3130 3900 4800 5890 7210 8850

6 - Lead 20 15 230 380 610 970 1540 2410 3000 3700 4560 5590 6870 8290

Y-D 25 18.5 190 310 490 790 1240 1950 2430 2980 3670 4510 5550 6700 8140

30 22 0 250 410 640 1020 1600 1990 2460 3040 3730 4590 5550 6750 7690 8790

40 30 0 0 300 480 750 1180 1470 1810 2230 2740 3370 4060 4930 5590 6370

50 37 0 0 250 370 590 960 1200 1470 1810 2220 2710 3280 3970 4510 5130 5740 6270 7270

60 45 0 0 0 320 500 810 1000 1240 1530 1870 2310 2770 3360 3810 4330 4860 5310 6150

75 55 0 0 0 0 420 660 810 1020 1260 1540 1890 2280 2770 3150 3600 4050 4420 5160

100 75 0 0 0 0 310 500 610 760 930 1140 1410 1690 2070 2340 2680 3010 3280 3820

125 90 0 0 0 0 0 390 470 590 730 880 1110 1330 1500 1830 2080 2340 2550 2940

150 110 0 0 0 0 0 0 420 510 630 770 950 1140 1380 1570 1790 2000 2180 2530

175 130 0 0 0 0 0 0 0 450 550 680 830 1000 1220 1390 1580 1780 1950 2270

200 150 0 0 0 0 0 0 0 0 480 590 730 880 1070 1210 1380 1550 1690 1970

575V 5 3.7 1380 2220 3490 5520 8620

60Hz 7 1/2 5.5 990 1590 2520 3970 6220

Three 10 7.5 730 1170 1860 2920 4590 7150 8910

Phase 15 11 490 790 1270 2010 3130 4890 6090

6 - Lead 20 15 370 610 970 1540 2410 3780 4710 5790 7140 8740

Y-D 25 18.5 300 490 780 1240 1950 3040 3790 4660 5760 7060

30 22 240 400 645 1020 1600 2500 3120 3840 4740 5820 7150 8670

40 30 0 300 480 750 1180 1860 2310 2850 3490 4290 5260 6340 7710 8740

50 37 0 0 380 590 960 1500 1870 2310 2830 3460 4260 5130 6210 7050 8010 8980 9790

60 45 0 0 330 500 790 1270 1590 1950 2400 2940 3600 4330 5250 5950 6780 7600 8290 9610

75 55 0 0 0 420 660 1030 1290 1590 1960 2400 2950 3570 4330 4930 5620 6330 6910 8050

100 75 0 0 0 0 400 780 960 1180 1450 1780 2190 2650 3220 3660 4180 4710 5140 5980

125 90 0 0 0 0 0 600 740 920 1150 1420 1740 2100 2530 2880 3270 3660 3970 4600

150 110 0 0 0 0 0 520 650 800 990 1210 1480 1780 2160 2450 2790 3120 3410 3950

175 130 0 0 0 0 0 0 570 700 860 1060 1300 1570 1910 2170 2480 2780 3040 3540

200 150 0 0 0 0 0 0 500 610 760 930 1140 1370 1670 1890 2160 2420 2640 3070

Motor Rating 75°C Insulation - AWG Copper Wire Size MCM Copper Wire Size
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Table 21  Three Phase Motor Specifications (60 Hz) 

Motor Full Maximum Locked KVA Nontime Dual Element Inverse

Model Load (S.F. Load) Rotor Delay (Std.) Time Delay Time

Prefix Amps Amps Amps Fuse Fuse Breaker

234501 1/2 0.37 200 60 1.60 2.8 3.4 6.6-7.3 70 64 58 17.5 N 10 5 8

4 234511 1/2 0.37 230 60 1.60 2.4 2.9 9.5-10.4 70 64 58 15.2 N 8 5 6

Inch 234541 1/2 0.37 380 60 1.60 1.5 1.8 23.2-23.4 70 64 58 9.2 N 5 3 4

234521 1/2 0.37 460 60 1.60 1.2 1.5 38.4-41.6 70 64 58 7.6 N 4 3 3

234502 3/4 0.55 200 60 1.50 3.7 4.4 4.6-5.1 73 69 65 23.1 M 15 8 10

234512 3/4 0.55 230 60 1.50 3.2 3.8 7.2-7.8 73 69 65 20.1 M 10 6 8

234542 3/4 0.55 380 60 1.50 1.9 2.3 16.6-20.3 73 69 65 12.2 M 6 4 5

234522 3/4 0.55 460 60 1.50 1.6 1.9 27.8-30.2 73 69 65 10.7 M 5 3 4

234503 1 0.75 200 60 1.40 4.6 5.4 4.1-4.5 72 70 66 30.9 M 15 10 15

234513 1 0.75 230 60 1.40 4.0 4.7 5.2-5.6 72 70 66 26.9 M 15 8 10

234543 1 0.75 380 60 1.40 2.4 2.8 12.2-14.9 72 70 66 16.3 M 8 5 8

234523 1 0.75 460 60 1.40 2.0 2.4 21.2-23.0 72 70 66 13.5 M 6 4 5

234504 1 1/2 1.1 200 60 1.30 5.6 6.8 2.5-3.0 76 76 74 38.2 K 20 10 15

234514 1 1/2 1.1 230 60 1.30 4.9 5.9 3.2-4.0 76 76 74 33.2 K 15 10 15

234544 1 1/2 1.1 380 60 1.30 3.0 3.6 8.5-10.4 76 76 74 20.1 K 10 6 8

234524 1 1/2 1.1 460 60 1.30 2.5 3.0 13.0-16.0 76 76 74 16.6 K 8 5 8

234534 1 1/2 1.1 575 60 1.30 2.0 2.4 20.3-25.0 76 76 74 13.3 K 6 4 5

234305 2 1.5 200 60 1.25 7.9 9.3 1.9-2.4 69 69 67 53.6 L 25 15 20

234315 2 1.5 230 60 1.25 6.9 8.1 2.4-3.0 69 69 67 46.6 L 25 15 20

234345 2 1.5 380 60 1.25 4.2 4.9 6.6-8.2 69 69 67 28.2 L 15 8 15

234325 2 1.5 460 60 1.25 3.5 4.1 9.7-12.0 69 69 67 23.3 L 15 8 10

234335 2 1.5 575 60 1.25 2.8 3.2 15.1-18.7 69 69 67 18.6 L 10 5 8

234306 3 2.2 200 60 1.15 11.3 12.4 1.3-1.7 75 75 73 71.2 K 35 20 30

234316 3 2.2 230 60 1.15 9.8 10.8 1.8-2.2 75 75 73 61.9 K 30 20 25

234346 3 2.2 380 60 1.15 5.9 6.5 4.7-6.0 75 75 73 37.5 K 20 15 15

234326 3 2.2 460 60 1.15 4.9 5.4 7.0-8.7 75 75 73 31.0 K 15 10 15

234336 3 2.2 575 60 1.15 3.9 4.3 10.9-13.6 75 75 73 24.8 K 15 8 10

234307 5 3.7 200 60 1.15 18.4 20.4 .70-.94 74 74 72 122.0 K 60 35 50

234317 5 3.7 230 60 1.15 16.0 17.7 .93-1.2 74 74 72 106.0 K 50 30 40

234347 5 3.7 380 60 1.15 9.7 10.7 2.4-3.0 74 74 72 64.4 K 30 20 25

234327 5 3.7 460 60 1.15 8.0 8.9 3.6-4.4 74 74 72 53.2 K 25 15 20

234337 5 3.7 575 60 1.15 6.4 7.1 5.6-6.9 74 74 72 42.6 K 20 15 20

234308 7 1/2 5.5 200 60 1.15 27.1 29.9 .46-.57 76 76 74 188.0 K 90 50 70

234318 7 1/2 5.5 230 60 1.15 23.6 26.0 .61-.75 76 76 74 164.0 K 80 45 60

234348 7 1/2 5.5 380 60 1.15 14.3 15.7 1.6-2.3 76 76 74 99.1 K 45 25 40

234328 7 1/2 5.5 460 60 1.15 11.8 13.0 2.4-3.4 76 76 74 81.9 K 40 25 30

234338 7 1/2 5.5 575 60 1.15 9.4 10.4 3.5-5.1 76 76 74 65.5 K 30 20 25

234349 10 7.5 380 60 1.15 20.6 22.4 1.2-1.6 75 75 72 140.0 L 70 40 60

234329 10 7.5 460 60 1.15 17.0 18.5 1.8-2.3 75 75 72 116.0 L 60 30 45

234339 10 7.5 575 60 1.15 13.6 14.8 2.8-3.5 75 75 72 92.8 L 45 25 35

Circuit Breakers or Fuse Amps

Type

Rating Efficiency %

HP KW Volts F.L. 3/4 CodeHz S.F. S.F.

Line to Line 
Resistance 

Ohms
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Table 22  Three Phase Motor Specifications (60 Hz) 

Line to

Motor Full Maximum Line Locked Nontime Dual Element Inverse

Model Load (S.F. Load) Resistance Rotor KVA Delay (Std.) Time Delay Time

Prefix Amps Amps Ohms Amps Code Fuse Fuse Breaker

236650 5 3.7 200 60 1.15 17.5 19.1 .68-.84 79 79 77 99 H 60 35 45

6 236600 5 3.7 230 60 1.15 15 16.6 .88-1.09 79 79 77 86 H 45 30 40

Inch 236660 5 3.7 380 60 1.15 9.1 10 2.4-3.0 79 79 77 52 H 30 20 25

236610 5 3.7 460 60 1.15 7.5 8.8 3.5-4.0 79 79 77 43 H 25 15 20

236620 5 3.7 575 60 1.15 6 6.6 5.9-7.2 79 79 77 34 H 20 15 15

236651 7 1/2 5.5 200 60 1.15 25.1 28.3 .39-.48 80 80 78 150 H 80 45 70

236601 7 1/2 5.5 230 60 1.15 21.8 24.6 .57-.71 80 80 78 130 H 70 40 60

236661 7 1/2 5.5 380 60 1.15 13.2 14.9 1.5-1.8 80 80 78 79 H 45 25 35

236611 7 1/2 5.5 460 60 1.15 10.9 12.3 2.2-2.7 80 80 78 65 H 35 20 30

236621 7 1/2 5.5 575 60 1.15 8.7 9.8 3.6-4.4 80 80 78 52 H 30 20 25

236652 10 7.5 200 60 1.15 32.7 37 .33-.42 79 79 78 198 H 100 60 90

236602 10 7.5 230 60 1.15 28.4 32.2 .44-.55 79 79 78 172 H 90 60 80

236662 10 7.5 380 60 1.15 17.2 19.5 1.2-1.5 79 79 78 104 H 60 35 45

236612 10 7.5 460 60 1.15 14.2 16.1 1.7-2.2 79 79 78 86 H 45 30 40

236622 10 7.5 575 60 1.15 11.4 12.9 2.8-3.5 79 79 78 69 H 35 25 30

236653 15 11 200 60 1.15 47.8 54.5 .22-.27 81 81 80 306 H 150 90 125

236603 15 11 230 60 1.15 41.6 47.4 .27-.33 81 81 80 266 H 150 80 110

236663 15 11 380 60 1.15 25.2 28.7 .73-.90 81 81 80 161 H 80 45 70

236613 15 11 460 60 1.15 20.8 23.7 1.1-1.3 81 81 80 133 H 70 40 60

236623 15 11 575 60 1.15 16.7 19 1.7-2.1 81 81 80 106 H 60 30 45

236654 20 15 200 60 1.15 61.9 69.7 .14-.17 82 82 81 416 J 200 110 175

236604 20 15 230 60 1.15 53.8 60.6 .20-.25 82 82 81 362 J 175 100 150

236664 20 15 380 60 1.15 32.6 36.7 .52-.64 82 82 81 219 J 100 60 90

236614 20 15 460 60 1.15 26.9 30.3 .76-.94 82 82 81 181 J 90 50 70

236624 20 15 575 60 1.15 21.5 24.4 1.2-1.5 82 82 81 145 J 70 40 60

236655 25 18.5 200 60 1.15 77.1 86.3 .11-.14 83 83 82 552 J 250 150 200

236605 25 18.5 230 60 1.15 67 75 .15-.19 83 83 82 480 J 225 125 175

236665 25 18.5 380 60 1.15 40.6 45.4 .40-.50 83 83 82 291 J 125 80 110

236615 25 18.5 460 60 1.15 33.5 37.5 .59-.73 83 83 82 240 J 110 60 90

236625 25 18.5 575 60 1.15 26.8 30 1.0-1.3 83 83 82 192 J 90 50 70

236656 30 22 200 60 1.15 90.9 104 .10-.12 83 83 86 653 J 300 175 250

236606 30 22 230 60 1.15 79 90.4 .12-.15 83 83 86 568 J 250 150 225

236666 30 22 380 60 1.15 47.8 54.7 .33-.41 83 83 86 317 J 150 90 125

236616 30 22 460 60 1.15 39.5 45.2 .48-.60 83 83 86 284 J 125 80 110

236626 30 22 575 60 1.15 31.6 36.2 .78-.95 83 83 86 227 J 100 60 90

236667 40 30 380 60 1.15 64.8 75 .20-.27 83 83 83 481 J 200 125 175

236617 40 30 460 60 1.15 53.5 62 .32-.40 83 83 83 397 J 175 100 150

236627 40 30 575 60 1.15 42.8 49.6 .53-.59 83 83 83 318 H 150 80 110

236668 50 37 380 60 1.15 82 93.2 .17-.22 82 83 83 501 H 250 150 225

236618 50 37 460 60 1.15 67.7 77 .25-.32 82 83 83 414 H 225 125 175

236628 50 37 575 60 1.15 54.2 61.6 .39-.48 82 83 83 331 H 175 100 150

236669 60 45 380 60 1.15 97.4 110.2 .15-.18 84 84 84 627 H 300 175 250

236619 60 45 460 60 1.15 80.5 91 .22-.27 84 84 84 518 H 250 150 225

236629 60 45 575 60 1.15 64.4 72.8 .35-.39 84 84 84 414 H 200 125 175

Type

Rating Efficiency %

HP KW Volts Hz

Circuit Breakers or Fuse Amps

S.F. S.F. F.L. 3/4

Model numbers are three lead motors. Six lead motors with different model numbers have the same running performance,
but when wye connected for starting have locked rotor amps 33% of the values shown.
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Model numbers are three lead motors. Six lead motors with different model numbers have the same running performance,
but when wye connected for starting have locked rotor amps 33% of the values shown.

Table 23  Three Phase Motor Specifications (60 Hz) 

Line to

Motor Full Maximum Line Locked Nontime Dual Element Inverse

Model Load (S.F. Load) Resistance Rotor KVA Delay (Std.) Time Delay Time

Prefix Amps Amps Ohms Amps Code Fuse Fuse Breaker

239660 40 30 380 60 1.15 64 72 .162-.198 86 86 85 479 J 200 125 175

8 239600 40 30 460 60 1.15 53 60 .247-.303 86 86 85 396 J 175 100 150

Inch 239610 40 30 575 60 1.15 42 48 .399-.487 86 86 85 317 J 150 80 110

239661 50 37 380 60 1.15 77 88 .127-.156 87 87 86 656 K 250 150 200

239601 50 37 460 60 1.15 64 73 .181-.221 87 87 86 542 K 200 125 175

239611 50 37 575 60 1.15 51 59 .280-.342 87 87 86 434 K 175 90 150

239662 60 45 380 60 1.15 92 104 .090-.110 88 87 86 797 K 300 175 250

239602 60 45 460 60 1.15 76 86 .142-.174 88 87 86 658 K 250 150 200

239612 60 45 575 60 1.15 61 69 .227-.277 88 87 86 526 K 200 110 175

239663 75 55 380 60 1.15 114 130 .069-.085 88 88 87 1046 L 350 200 300

239603 75 55 460 60 1.15 94 107 .106-.130 88 88 87 864 L 300 175 250

239613 75 55 575 60 1.15 76 86 .169-.207 88 88 87 691 L 250 150 200

239664 100 75 380 60 1.15 153 172 .051-.062 89 89 88 1466 L 500 300 400

239604 100 75 460 60 1.15 126 142 .073-.089 89 89 88 1211 L 400 225 350

239614 100 75 575 60 1.15 101 114 .110-.134 89 89 88 969 L 350 200 300

239165 125 90 380 60 1.15 202 228 .032-.042 87 86 85 1596 K 700 400 600

239105 125 90 460 60 1.15 167 188 .055-.067 87 86 85 1318 K 500 300 450

239115 125 90 575 60 1.15 134 151 .087-.106 87 86 85 1054 K 450 250 350

239166 150 110 380 60 1.15 235 266 .028-.034 88 87 86 1961 K 800 450 600

239106 150 110 460 60 1.15 194 219 .042-.051 88 87 86 1620 K 600 350 500

239116 150 110 575 60 1.15 155 176 .067-.082 88 87 86 1296 K 500 300 400

239167 175 130 380 60 1.15 265 302 .028-.035 88 88 87 1991 J 800 500 700

239107 175 130 460 60 1.15 219 249 .042-.052 88 88 87 1645 J 700 400 600

239117 175 130 575 60 1.15 175 200 .063-.077 88 88 87 1316 J 600 350 450

239168 200 150 380 60 1.15 298 342 .024-.029 88 88 87 2270 J 1000 600 800

239108 200 150 460 60 1.15 246 282 .036-.044 88 88 87 1875 J 800 450 700

239118 200 150 575 60 1.15 197 226 .057-.070 88 88 87 1500 J 600 350 500

S.F. F.L. 

Type

Rating Efficiency %
Circuit Breakers or Fuse Amps

HP KW Volts 3/4Hz S.F.
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The characteristics of submersible motors are different
from standard motors and special overload protection is
required.

If the motor is stalled, the overload protector must trip
within 10 seconds to protect the motor windings.  The
installer must use SUBTROL or the quick-trip protection
shown in these tables.  All recommended overload
selections are of the ambient compensated type to
maintain protection at high and low air temperatures.
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All heaters and amp settings shown are based on total line
amps.  When a six-lead motor is used with a Wye-Delta
starter, divide motor amps by 1.732 to make your selection
or adjustment for heaters carrying phase amps.

Tables 24, 25 and 26  list the correct selection and settings
for several manufacturers.  Approval of other types may be
requested.

Refer to notes on Page 25.

Table 24  60 Hz 4” Motors

N E M A  A llen  

S tarter Furnas B rad ley G .E .

S ize (N ote 1) (N ote 2) (N ote 3 ) S et M ax.

200 00 K 31 J16 L380A 3.2 3.4

230 00 K 28 J14 L343A 2.7 2.9

380 00 K 22 J9 L211A 1.7 1.8

460 00 - J8 L174A 1.4 1.5

575 00 - J6 - 1 .2 1.3

200 00 K 34 J19 L51C A 4.1 4.4

230 00 K 32 J17 L420A 3.5 3.8

380 00 K 27 J13 L282A 2.3 2.5

460 00 K 23 J10 L211A 1.8 1.9

575 00 K 21 J8 L193A 1.5 1.6

200 00 K 37 J21 L618A 5.0 5.4

230 00 K 36 J19 L561A 4.4 4.7

380 00 K 28 J14 L310A 2.6 2.8

460 00 K 26 J12 L282A 2.2 2.4

575 00 K 23 J10 L211A 1.8 1.9

200 00 K 42 J23 L750A 6.3 6.8

230 00 K 39 J21 L680A 5.5 5.9

380 00 K 32 J17 L420A 3.3 3.6

460 00 K 29 J15 L343A 2.8 3.0

575 00 K 26 J12 L282A 2.2 2.4

200 0 K 50 J26 L111B 8.6 9.3

230 0 K 49 J25 L910A 7.5 8.1

380 0 K 36 J20 L561A 4.6 4.9

460 00 K 33 J18 L463A 3.8 4.1

575 00 K 29 J15 L380A 3.0 3.2

200 0 K 55 J29 L147B 11.6 12.5

230 0 K 52 J28 L122B 10.1 10.9

380 0 K 41 J23 L750A 6.1 6.6

460 0 K 37 J21 L618A 5.1 5.5

575 0 K 34 J19 L510A 4.1 4.4

200 1 K 62 J34 L241B 19.1 20.5

230 1 K 61 J33 L199B 16.6 17.8

380 0 K 52 J28 L122B 10.0 10.8

460 0 K 49 J26 L100B 8.3 8.9

575 0 K 42 J23 L825A 6.6 7.1

200 1 K 68 J38 L332B 28.4 30.5

230 1 K 67 J37 L293B 24.6 26.4

380 1 K 58 J32 L181B 14.9 16.0

460 1 K 55 J30 L147B 12.3 13.2

575 1 K 52 J28 L122B 9.9 10.6

380 1 K 63 J35 L265B 21.2 22.8

460 1 K 61 J33 L220B 17.5 18.8

575 1 K 57 J31 L181B 14.0 15.0

A djustab le

R elays

(N ote 4)
H P K W V olts

H eaters For O verload  R elays

0.371/2

0.553/4

1 0.75

1.11 1 /2

2 1.5

2.23

3.75

7 1 /2 5.5

7.510
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Footnotes for Tables 24, 25, and 26

NOTE 1: Furnas intermediate sizes between
NEMA starter sizes apply where (1) is shown
in tables, size 1-3/4 replacing 2, 2-1/2
replacing 3, 3-1/2 replacing 4, and 4-1/2
replacing 5.  Heaters were selected from
Catalog 294, Table 332 and Table 632
(starter size 00, size B). Size 4 starters are
heater type 4 (JG). Starters using these
heater tables include classes 14, 17 and 18
(INNOVA), classes 36 and 37 (reduced
voltage), and classes 87, 88 and 89 (pump
and motor control centers). Overload relay
adjustments should be set no higher than
100% unless necessary to stop nuisance
tripping with measured amps in all lines
below nameplate maximum. Heater
selections for class 16 starters (Magnetic
Definite Purpose) will be furnished upon
request.

NOTE 2:  Allen-Bradley heaters were
selected from Catalog IC-110, Table 162
(through starter size 4), Table 547 (starter size
5), and Table 196 (starter size 6). Bulletin 505,
509, 520, 540 and 570 use these heater
tables. Heater selections for bulletin 1232X
and 1233X starters will be furnished upon
request.

NOTE 3:  General Electric heaters are type
CR123 usable only on type CR124 overload
relays and were selected from Catalog
GEP-126OJ, page 184. Adjustment should be
set no higher than 100%, unless necessary to
stop nuisance tripping with measured amps in
all lines below nameplate maximum.

NOTE 4:  Adjustable overload relay amp
settings apply to approved types listed.
Relay adjustment should be set at the
specified SET amps. Only if tripping occurs
with amps in all lines measured to be within
nameplate maximum amps should the
setting be increased, not to exceed the MAX
value shown.

NOTE 5:  Heaters shown for ratings requiring
NEMA size 5 or 6 starters are all used with
current transformers per manufacturer
standards. Adjustable relays may or may not
use current transformers depending on
design.
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Table 25  60 Hz 6” Motors

N E M A A llen  

S tarter F u rn as B rad ley G .E .

S ize (N o te  1 ) (N o te  2 ) (N o te  3 ) S et M ax.

200 1 K 61 J33 L220B 1 7 .6 19 .1

230 1 K 60 J32 L199B 1 5 .4 16 .6

380 0 K 52 J27 L111B 9 .4 10 .1

460 0 K 49 J25 L910A 7 .7 8 .3

575 0 K 41 J23 L750A 6 .1 6 .6

200 1 K 67 J38 L322B 2 6 .3 28 .3

230 1 K 64 J36 L293B 2 2 .9 24 .6

380 1 K 57 J31 L165B 1 3 .9 14 .9

460 1 K 54 J29 L147B 1 1 .4 12 .3

575 1 K 52 J27 L111B 9 .1 9 .8

200 2(1 ) K 72 J40 L426B 3 4 .4 37 .0

230 2(1 ) K 70 J38 L390B 2 9 .9 32 .2

380 1 K 61 J34 L220B 1 8 .1 19 .5

460 1 K 58 J32 L181B 1 5 .0 16 .1

575 1 K 55 J30 L147B 1 2 .0 12 .9

200 3(1 ) K 76 J43 L650B 5 0 .7 54 .5

230 2 K 75 J42 L520B 4 4 .1 47 .4

380 2(1 ) K 68 J37 L322B 2 6 .7 28 .7

460 2(1 ) K 64 J35 L265B 2 2 .0 23 .7

575 2(1 ) K 61 J33 L220B 1 7 .7 19 .0

200 3 K 78 J45 L787B 6 4 .8 69 .7

230 3(1 ) K 78 J44 L710B 5 6 .4 60 .6

380 2 K 72 J40 L426B 3 4 .1 36 .7

460 2 K 69 J38 L352B 2 8 .2 30 .3

575 2 K 64 J35 L393B 2 2 .7 24 .4

200 3 K 86 J71 L107C 8 0.3 86 .3

230 3 K 83 J46 L866B 6 9 .8 75 .0

380 2 K 74 J42 L520B 4 2 .2 45 .4

460 2 K 72 J40 L426B 3 4 .9 37 .5

575 2 K 69 J37 L352B 2 7 .9 30 .0

200 4(1 ) K 88 J72 L126C 9 6.7 104 .0

230 3 K 87 J71 L107C 8 4.1 90 .4

380 3(1 ) K 76 J43 L650B 5 0 .9 54 .7

460 3(1 ) K 74 J41 L520B 4 2 .0 45 .2

575 3(1 ) K 72 J39 L390B 3 3 .7 36 .2

380 3 K 83 J46 L866B 6 9 .8 75 .0

460 3 K 77 J44 L710B 5 7 .7 62 .0

575 3 K 74 J42 L593B 4 6 .1 49 .6

380 3 K 87 J72 L107C 8 6.7 93 .2

460 3 K 83 J46 L950C 7 1.6 77 .0

575 3 K 77 J44 L710B 5 7 .3 61 .6

380 4(1 ) K 89 J73 L126C 102 .5 110 .2

460 4(1 ) K 87 J71 L107C 8 4.6 91 .0

575 4(1 ) K 78 J45 L866B 6 7 .7 72 .8

5 .5

10 7 .5

15 11

15

7  1 /2

20

4560

25 18 .5

30 22

40 30

50 37

R elays

(N o te  4 )

5 3 .7

H P K W V o lts

H eaters  F o r O verlo ad  R e lays A d ju stab le
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Advance Controls: MDR3 Overload

AEG Series:  B17S, B27S, B27-2

ABB Type:  RVH 40, RVH65, RVP160,
T25DU,  T25CT, TA25DU

AGUT:  MT03, R1K1, R1L0, R1L3, TE set
Class 5

Allen Bradley:  Bulletin 193, SMP-Class
10 only

Automatic Switch Types:  DQ, LR1-D, LR1-F,
LR2-D13, -D23, -D33 only

Bharita C-H:  MC 305 ANA 3

Clipsal:  6CTR, 6MTR

Cutler-Hammer: C316F, C316P, C316S,
C310-set  at 6 sec max

Fanal Types:  K7 or K7D through K400

Franklin Electric:  Subtrol-Plus

Fuji Types: TR-OQ, TR-OQH, TR-2NQ, TR-
3NQ, TR-4NQ, TR-6NQ, RCa 3737-ICQ
& ICQH

Furnas Types: US15 48AG & 48BG, ESP100-
Class 10 only,  958L

General Electric: CR4G, CR7G, RT*1, RT*2,
RTF3, RT*4, CR324X-Class 10 only

Kasuga:  RU Set Operating Time Code = 10
& time setting 6 sec max

Klockner-Moeller Types: ZOO, Z1, Z4,
PKZM1, PKZM3 & PKZ2

Lovato: RC9, RC22, RC80, RF9, RF25 &
RF95

Matsushita:  FKT-15N, 15GN, 15E, 15GE,
FT-15N, FHT-15N

Mitsubishi:  ET, TH-K12ABKP, TH-K20KF,
TH-K20KP,  TH-K20TAKF, TH-K60KF,
TH-K60TAKF

Omron:  K2CM Set Operating Timing Code =
10 & time setting 6 sec max,
SE-KP24E time setting 6 sec max

Riken:  PM1, PM3

Samwha:  EOCRS Set for Class 5, EOCR-ST,
EOCR-SE, EOCR-AT time setting
6 sec max

Siemens Types: 3UA50, -52, -54, -55, -58, -59,
-60,  -61, -62, -66, -68, -70, 3VUI3, 3VE,
3UB (Class 5)

Sprecher and Schuh Types:  CT, CT1,
CTA 1, CT3K, CT3-12 thru CT3-42, KTA3,
CEF1 & CET3 set at 6 sec max,
CEP 7 Class 10, CT4, 6, & 7, CT3

Square D/Telemecanique:  Class 9065
Types:  TD, TE, TF, TG, TJ, TK, TR, TJE &
TJF (Class 10) OR LR1-D, LR1-F,
LR2-Class 10, Types 18A, 32A,
SS- Class 10,SR-Class 10 and 63-A-LB
Series. Integral 18,32,63, GV2-L, GV2-M,
GV2-P, GV3-M (1.6-10 amp only)

26

Recommended Adjustable Overload Relays

Toshiba Type: 2E RC820, set at 8 seconds max.

WEG:  RW2

Westinghouse Types:  FT13, FT23, FT33, FT43, K7D, K27D, K67D, Advantage
(Class 10), MOR, IQ500 (Class 5)

Westmaster:  OLWROO and OLWTOO suffix D thru P

Other relay types from these and other manufacturers may or may not
provide acceptable protection, and they should not be used without
approval of Franklin Electric.

Some approved types may only be available for part of the listed motor
ratings.  When relays are used with current transformers, relay setting is
the specified amps divided by the transformer ratio.

Table 26  60 Hz 8" Motors

NEMA Allen 

Starter Furnas Bradley G.E.

Size (Note 1) (Note 2) (Note 3) Set Max.

380 3 K78 J46 L866B 68 73

460 3 K77 J43 L710B 56 60

575 3 K73 J41 L520B 45 48

380 3 K86 J81 L107C 81 87

460 3 K78 J46 L866B 68 73

575 3 K77 J43 L710B 56 60

380 4(1) K89 J72 L126C 101 108

460 4(1) K86 J70 L107C 83 89

575 4(1) K78 J44 L787B 64 69

380 4 K92 J75 L142C 121 130

460 4(1) K89 J72 L126C 100 107

575 4(1) K85 J70 L950C 79 85

380 5(1) K28 J15 L100B 168 181

460 4 K92 J76 L155C 134 144

575 4 K90 J73 L142C 108 116

380 5 K32 J17 L135B 207 223

460 5(1) K29 J15 L111B 176 189

575 5(1) K26 J13 L825A 140 150

380 5 - J19 L147B 248 267

460 5(1) K32 J17 L122B 206 221

575 5(1) K28 J14 L100B 165 177

380 6 K26 J11 - 270 290

460 5 K33 J18 L147B 233 250

575 5 K31 J16 L111B 186 200

380 6 K27 J12 - 316 340

460 5 K33 J20 L165B 266 286

575 5 K32 J17 L135B 213 229

40 30

Adjustable

Relays

(Note 4)
HP KW Volts

Heaters For Overload Relays

50 37

60 45

75 55

100 75

125 90

150 110

175 130

200 150
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Subtrol-Plus is a Franklin Electric protection device for
6"and 8" motors that uses microprocessor technology to
detect overload, underload, overheat, and rapid cycling.
When one of these faults occurs, Subtrol-Plus shuts
down the motor and visually displays the fault condition.
Some additional features are automatic restart, field
adjustable trip settings, and external alarm/back-up
system connection.

Subtrol-Plus is supplied as an easy-to-install kit, which
fits virtually any three-phase pump panel. Subtrol-Plus
calibrates to a particular motor through the use of a
rating insert.

	�(�������������������
In some installations, power supply limitations make it
necessary or desirable to increase the power factor of a
submersible motor.  The table lists the capacitive KVAR
required to increase the power factor of large Franklin
three phase submersible motors to the approximate values
shown at maximum input loading.

Capacitors must be connected on the line side of the
overload relay, or overload protection will be lost.

Subtrol-Plus easy-to-install kit

27

Ta ble  27  KVAR Re quire d 60 Hz

HP KW 0.90 0.95 1.00

5 3.7 1.2 2.1 4

7 1/2 5.5 1.7 3.1 6

10 7.5 1.5 3.3 7

15 11 2.2 4.7 10

20 15 1.7 5 12

25 18.5 2.1 6.2 15

30 22 2.5 7.4 18

40 30 4.5 11 24

50 37 7.1 15 32

60 45 8.4 18 38

75 55 6.3 18 43

100 75 11 27 60

125 90 17 36 77

150 110 20 42 90

175 130 9.6 36 93

200 150 16 46 110

M otor KV AR Re quire d  for  P.F. o f:



1.  Motor Inspection
A. Verify that the model, HP or KW, voltage, phase and hertz on the motor nameplate match the

installation requirements.
B. Check that the motor lead assembly is not damaged.
C. Measure insulation resistance using a 500 or 1000 volt DC megohmmeter from each lead wire to the

motor frame. Resistance should be at least 20 megohms with out drop cable.
D. Keep a record of motor model number, HP or KW, voltage, and serial number (S/N).

(S/N is stamped in shell above the nameplate. A typical example, S/N 98A18 01-0123)

2.  Pump Inspection

A. Check that the pump rating matches the motor.
B. Check for pump damage and verify that the pump shaft turns freely.

3.  Pump/Motor Assembly

A. If not yet assembled, check that pump and motor mounting faces are free from dirt, debris and uneven
paint thickness.

B. Pumps and motors over 5HP should be assembled in the vertical position to prevent stress on pump
brackets and shafts. Assemble the pump and motor together so their mounting faces are in contact and
then tighten assembly bolts or nuts evenly to manufacturer specifications.

C. If accessible, check that the pump shaft turns freely.
D. Assemble the pump lead guard over the motor leads.  Do not cut or pinch lead wires during assembly or

installation.

4.  Power Supply and Controls

A. Verify that the power supply voltage, hertz, and KVA capacity match motor requirements.
B. Verify control box HP and voltage matches motor (3-wire only).
C. Check that the electrical installation and controls meet all safety regulations and match the motor

requirements, including fuse or circuit breaker size and motor overload protection.  Connect all metal
plumbing and electrical enclosures to the power supply ground to prevent shock hazard.  Comply with
national and local codes.

5.  Lightning and Surge Protection

A. Use properly rated surge (lightning) arrestors on all submersible pump installations. Motors 5HP and
smaller, which are marked “Equipped with Lightning Arrestors”, contain internal arrestors.

B. Ground all above ground arrestors with copper wire directly to the motor frame, or to metal drop pipe or
casing which reaches below the well pumping level. Connecting to a ground rod does not provide good
surge protection.

6.  Electrical Drop Cable

A. Use submersible cable sized in accordance with local regulations and the cable charts, see Pages 11 and 15-20.
Ground motor per national and local codes.

B. Include a ground wire to the motor and surge protection, connected to the power supply ground if
required by codes.  Always ground any pump operated outside a drilled well.

7.  Motor Cooling

A. Ensure at all times the installation provides adequate motor cooling; see Page 6 for details.

8.  Pump/Motor Installation

A. Splice motor leads to supply cable using electrical grade solder or compression connectors, and carefully
insulate each splice with watertight tape or adhesive-lined shrink tubing, as shown in motor or pump
installation data.

B. Support the cable to the delivery pipe every 10 feet (3 meters) with straps or tape strong enough to
prevent sagging. Use padding between cable and any metal straps.

C. A check valve in the delivery pipe is recommended. More than one check valve may be required,
depending on valve rating and pump setting; see Page 5 for details.

D. Assemble all pipe joints as tightly as practical, to prevent unscrewing from motor torque. Torque should
be at least 10 pound feet per HP (2 meter-KG per KW).

E. Set the pump far enough below the lowest pumping level to assure the pump inlet will always have at
least the Net Positive Suction Head (NPSH) specified by the pump manufacturer. Pump should be at
least 10 feet (3 meters) from the bottom of the well to allow for sediment build up.

F. Check insulation resistance as pump/motor assembly is lowered into the well. Resistance may drop
gradually as more cable enters the water, but any sudden drop indicates possible cable, splice or motor
lead damage; see Page 39.
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❑

❑

❑
❑

❑
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❑
❑

❑
❑
❑

❑

❑

❑

❑

❑

❑

❑

❑

❑

❑

❑
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9.  After Installation

A.  Check all electrical and water line connections and parts before starting the pump.
B.  Start the pump and check motor amps and pump delivery.  If normal, continue to run the pump until
     delivery is clear.  If three phase pump delivery is low, it may be running backward. Rotation may reversed
     (with power off) by interchanging any two motor lead connections to the power supply.
C.  Check three phase motors for current balance within 5% of average, using motor manufacturer
     instructions. Imbalance over 5% will cause higher motor temperatures and may cause overload trip,
     vibration, and reduced life.
D.  Verify that starting, running and stopping cause no significant vibration or hydraulic shocks.
E.  After at least 15 minutes running time, verify that pump output, electrical input, pumping level, and other
     characteristics are stable and as specified.

Date _____________________     Filled In By ____________________________________________________

Notes_______________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________
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RMA No. _____________

INSTALLER’S NAME ___________________________ OWNER’S NAME _____________________________________

ADDRESS ___________________________________ ADDRESS __________________________________________

CITY __________________ STATE_____ ZIP________ CITY ____________________ STATE_____ ZIP_____________

PHONE (____) _____________ FAX (____) _________ PHONE (____) _____________ FAX (____)_________________

CONTACT NAME ______________________________ CONTACT NAME _____________________________________

WELL NAME/ID _______________________________ DATE INSTALLED _____________ DATE FAILED  ___________

WATER TEMPERATURE ________°F or ________°C

MOTOR:

Motor No. __________________ Date Code ___________________ HP ________ Voltage _________ Phase _________

PUMP:

Manufacturer __________________ Model No. __________ Curve No. __________ Rating: ______ GPM@______ft. TDH

NPSH Required ____________ ft. NPSH Available__________ ft.    Actual Pump Delivery__________GPM@ ______ PSI

Operating Cycle _________________ON (Min./Hr.) _________________ OFF (Min./Hr.) (Circle Min. or Hr. as appropriate)

YOUR NAME _____________________________________________________________ DATE ______/______/______

WELL DATA:

Total Dynamic Head _________________ft.

Casing Diameter____________________in.

Drop Pipe Diameter _________________in.

Static Water Level ___________________ft.

Drawdown (pumping) Water Level_______ft.

Checkvalves at __________&__________&

            __________&__________ft.

        ❑ Solid         ❑ Drilled

Pump Inlet Setting  __________________ft.

Flow Sleeve: ____No____ Yes, Dia. _____in.

Casing Depth_______________________ft.

      ❑ Well Screen         ❑ Perforated Casing

From______to_____ft. & ______to______ft.

Well Depth_________________________ft.

TOP PLUMBING:
Please sketch the plumbing after the well head
(check valves, throttling valves, pressure tank, etc.)
and indicate the setting of each device.
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M
O
T
O
R

P
U
M
P

PUMP
PANEL

SERVICE
ENTRANCE

POWER SUPPLY:
Cable: Service Entrance to Control ____________ft._______ AWG/MCM ❑ Copper ❑ Aluminum

❑ Jacketed ❑ Individual Conductors
Cable:  Control to Motor ____________ft.________ AWG/MCM ❑ Copper ❑ Aluminum

❑ Jacketed ❑ Individual Conductors

TRANSFORMERS:
KVA __________ #1 __________ #2 __________ #3

Initial Megs
(motor & lead)    T1________T2_______T3________

Final Megs
(motor, lead & cable)    T1______T2______T3______

INCOMING VOLTAGE:
No Load  L1-L2______ L2-L3_______L1-L3_______
Full Load L1-L2______ L2-L3_______L1-L3_______

RUNNING AMPS:
HOOKUP 1:

Full Load   L1______L2_______L3_______
%Unbalance______

HOOKUP 2:
Full Load   L1______L2_______L3_______
%Unbalance______

HOOKUP 3:
Full Load   L1______L2_______L3_______
%Unbalance______

Ground Wire Size ___________________AWG/MCM
DC Ground Current ________________________mA
Motor Surge Protection     ❑ Yes      ❑ No

VARIABLE FREQUENCY DRIVES:

Manufacturer_________________ Model ______________    Output Frequency: _________ Hz   Min _________ Hz Max

Cooling Flow at Min. Freq. ___________________________   Cooling Flow at Max. Freq.__________________________
Approved Overload:   ❑ Built-in ________  q External Model: (per above)  q Cables: (per above)  Set Amps ___________
Start Time ____________sec.     Stop Mode  ÿÿq Coast __________sec.      q Ramp __________ sec.

 ❑ Output filter ___________      ❑ Reactor _______________%    Make __________ Model ___________   ❑ None

MAXIMUM LOAD AMPS:

Drive Meter Input Amps   Line 1 __________ Line 2 __________ Line 3 __________
Drive Meter Output Amps  Line 1 __________ Line 2 __________ Line 3 __________
Test Ammeter Output Amps Line 1 __________ Line 2 __________ Line 3 __________
Test Ammeter  Make  ________________________  Model ________________________

CONTROL PANEL:
Panel Manufacturer_______________________________
Short Circuit Device

❑ Circuit Breaker   Rating________Setting______
❑ Fuses    Rating___________ Type___________

   ❑ Standard          ❑ Delay

Starter Manufacturer_______________________________
Starter Size _____________________________________
Type of Starter          ❑ Full Voltage         ❑ Autotransformer
                    ❑ Other:___________Full Voltage in _____sec.

Heater Manufacturer______________________________
Number______________Adjustable Set at ________amps.
Subtrol-Plus   ❑ No     ❑ Yes  Registration No. __________
If yes, Overload Set?   ❑ No     ❑ Yes  Set at _______amps.
         Underload Set?    ❑ No    ❑ Yes  Set at _______amps.

Controls are Grounded to:
  ❑ Well Head        ❑ Motor        ❑ Rod        ❑ Power Supply
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Submersible Motor Booster Installation Record

Date ______  /______ /  _______         Filled In By _______________________________ RMA No. _________________

Installation

Owner/User __________________________________________________ Telephone (______) ____________________

Address ______________________________________________City _______________ State ______  Zip __________

Installation Site, If Different ___________________________________________________________________________

Contact _____________________________________________________  Telephone (______) ____________________

System Application__________________________________________________________________________________

______________________________________________________________________________________________________________

______________________________________________________________________________________________________________

System Manufactured By______________________________Model _________________ Serial No.  _______________

System Supplied By___________________________________ City _________________ State ______ Zip __________

Motor

Model No. _______________ Serial No. _______________ Date Code ______

Horsepower ______ Voltage ______  ❑ Single Phase    ❑ Three Phase     Diameter ______ In.

Slinger Removed?    ❑ Yes    ❑ No        Check Valve Plug Removed?    ❑ Yes     ❑ No

Pump

Manufacturer _______________ Model _______________ Serial No. _______________

Stages ______ Diameter ________ Flow Rate Of ________ GPM At ______TDH

Booster Case Internal Diameter ________ Construction _______________

Controls and Protective Devices

Subtrol?     ❑ Yes     ❑ No If Yes, Warranty Registration No.___________________________________________________

If Yes, Overload Set?    ❑ Yes     ❑ No ______ Set At __________________________________

Underload Sets?            ❑ Yes    ❑ No ______ Set At __________________________________

Reduced Voltage Starter?      ❑Yes     ❑ No     If Yes, Type ___________________________________________________

 Mfr. ______________ Setting __________%Full Voltage In _______Seconds

Pump Panel?      ❑ Yes     ❑ No       If Yes,  Mfr. ______________________________Size __________________________

Magnetic Starter/Contactor Mfr.  ___________________________ Model __________________Size_________________

Heaters Mfr. _____________________ No.  ____________ If Adjustable Set At __________________________________

Fuses Mfr. ____________________ Size ___________ Type  ________________________________________________

Lighning/Surge Arrestor Mfr.  ________________________ Model ____________________________________________

Controls Are Grounded to __________________ with No. ________Wire

Inlet Pressure Control ❑ Yes     ❑ No     If Yes, Mfr._______________ Model _______________ Setting ______  PSI

Inlet Flow Control ❑ Yes     ❑ No     If Yes, Mfr._______________ Model _______________Setting_           GPM

Outlet Pressure Control ❑ Yes     ❑ No     If Yes, Mfr._______________ Model _______________Setting___          PSI

Outlet Flow Control ❑ Yes     ❑ No     If Yes, Mfr._______________ Model _______________Setting_           GPM

Water Temperature Control ❑ Yes     ❑ No     If Yes, Mfr._______________ Model _______________________________

    Set At ________ °F Or ______°C   Located _______________________________________
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Insulation Check

Initial Megs:  Motor & Lead Only Black_________ Yellow________ Red_________

Installed Megs:  Motor, Lead, & Cable Black_________ Yellow________ Red_________

Voltage To Motor

Non-Operating: B-Y__________ Y-R__________ R-B_________

At Rated Flow of __________GPMB-Y__________ Y-R__________ R-B_________

At Open Flow ____________GPM B-Y__________ Y-R__________ R-B_________

Amps To Motor

At Rated Flow of __________GPMBlack_________ Yellow________ Red_________

At Open Flow ____________GPM Black_________ Yellow________ Red_________

At Shut Off* Black_________ Yellow________ Red_________

*Do NOT run at Shut Off more than two (2) minutes.

Inlet Pressure __________PSI Outlet Pressure __________PSI    Water Temperature _______°F or _______°C

Warranty on three phase motors is void unless Subtrol or proper quick trip ambient compensated protection is used on
all three (3) motor lines.

If you have any questions or problems, call the Franklin Electric Toll-Free Hot Line:  1-800-348-2420

Comments:________________________________________________________________________________________

__________________________________________________________________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

Please sketch the system
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Three phase combination magnetic starters have two
distinct circuits: a power circuit and a control circuit.

The power circuit consists of a circuit breaker or fused line
switch, contacts, and overload heaters connecting incom-
ing power lines L1, L2, L3 and the three phase motor.

The control circuit consists of the magnetic coil, overload

External Voltage Controls
Control of a power circuit by a lower circuit voltage can
also be obtained by connecting to a separate control
voltage source. The coil rating must match the control
voltage source, such as 115 or 24 volts.

contacts and a control device such as a pressure switch.
When the control device contacts are closed, current flows
through the magnetic contactor coil, the contacts close,
and power is applied to the motor. Hands-Off-Auto
switches, start timers, level controls and other control
devices may also be in series in the control circuit.

Line Voltage Control
This is the most common type of control encountered.
Since the coil is connected directly across the power lines,
L1 and L2, the coil must match the line voltage.

Low Voltage Transformer Control
This control is used when it is desirable to operate push
buttons or other control devices at some voltage lower than
the motor voltage. The transformer primary must match the
line voltage and the coil voltage must match the secondary
voltage of the transformer.

O.L. CONTACTS

PRESSURE SWITCH OR
OTHER CONTROL DEVICE

COIL

L1 L2 L3

FUSES

CONTACTS

OVERLOAD
HEATERS AND/OR

MOTOR

SUBTROL PLUS

28

FIG. 7

FIG. 8

FIG. 9

O.L. CONTACTS

PRESSURE SWITCH OR
OTHER CONTROL DEVICE

L1 L2 L3

FUSES

CONTACTS

OVERLOAD
HEATERS AND/OR

MOTOR

TRANSFORMER
COILFUSE

SUBTROL PLUS

O.L. CONTACTS

PRESSURE SWITCH OR
OTHER CONTROL DEVICE

L1 L2 L3

FUSES

CONTACTS

OVERLOAD
HEATER AND/OR

MOTOR

COIL TO SEPARATE
CONTROL VOLTAGE
SOURCE

SUBTROL DEVICE
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A full three phase supply is recommended for all three
phase motors, consisting of three individual transformers
or one three phase transformer. So-called “open” delta or
wye connections using only two transformers can be used,
but are more likely to cause problems, such as poor

performance, overload tripping or early motor failure due to
current unbalance.

Transformer rating should be no smaller than listed in
Table 4 for supply power to the motor alone.

1. Established correct motor rotation by running in both
directions. Change rotation by exchanging any two of
the three motor leads. The rotation that gives the most
water flow is always the correct rotation.

2. After correct rotation has been established, check the
current in each of the three motor leads and calculate
the current unbalance as explained in 3 below.

If the current unbalance is 2% or less, leave the leads
as connected.

If the current unbalance is more than 2%, current
readings should be checked  on each leg using each of
three possible hook-ups. Roll the motor leads across
the starter in the same direction to prevent motor
reversal.

3. To calculate percent of current unbalance:

A. Add the three line amps values together.

B. Divide the sum by three, yielding average current.

C. Pick the amp value which is furthest from the
average current (either high or low).

D. Determine the difference between this amp value
(furthest from average) and the average.

E. Divide the difference by the average. Multiply the
result by 100 to determine percent of unbalance.

4. Current unbalance should not exceed 5% at service
factor load or 10% at rated input load. If the unbalance
cannot be corrected by rolling leads, the source of the
unbalance must be located and corrected. If, on the
three possible hookups, the leg farthest from the
average stays on the same power lead, most of the
unbalance is coming from the power source. However, if
the reading farthest from average moves with the same
motor lead, the primary source of unbalance is on the
“motor side” of the starter. In this instance, consider a
damaged cable, leaking splice, poor connection, or
faulty motor winding.
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T2

T1 T3

L1 L2 L3

T1

T3 T2

L1 L2 L3

T3

T2 T1

L1 L2 L3

1st Hook Up 2nd Hook Up 3rd Hook Up

supply

starter

motor

EXAMPLE:

T1 = 50 amps T3 = 51 amps T2 = 50 amps
T2 = 49 amps T1 = 46 amps T3 = 48 amps
T3 = 51 amps T2 = 53 amps T1 = 52 amps

Total = 150 amps      Total = 150 amps     Total = 150 amps
+ + +

50 - 49 = 1 amp 50 - 46 = 4 amps 50 - 48 = 2 amps

 1
50

= .02 or 2%  4
50

= .08 or 8%  2
50

= .04 or 4%

Phase designation of leads for CCW rotation viewing
shaft end.
To reverse rotation, interchange any two leads.

Phase 1 or “A”- Black, T1, or U1

Phase 2 or “B”-  Yellow, T2, or V1

Phase 3 or “C”-  Red, T3, or W1

NOTICE: Phase 1, 2 and 3 may not be L1, L2 and L3.

FIG. 10 FULL THREE PHASE
FIG. 11 OPEN DELTA

150
3

= 50 amps 150
3

= 50 amps 150
3

= 50 amps
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90° Lead Spacing

Each motor lead is numbered with two markers, one near each end. To reverse rotation. Interchange any two line connections.

L1

T1
U1

T1
U1

T6
W2

T6
W2

L2

T2
V1

T2
V1

T4
U2

T4
U2

L2

T3
W1

T3
W1

T5
V2

T5
V2

Line Connections — Six Lead Motors

Connections for across-the-line starting,
running, and any reduced voltage starting
except WYE-DELTA type starters.

WYE-DELTA starters connect the motor as
shown below during starting, then change to
the running connection shown at the left.

	�
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There are a number of different types of phase converters
available. Each generates three phase power from a single
phase power line.

In all phase converters, the voltage balance is critical to
current balance. Although some phase converters may be
well balanced at one point on the system-operating curve,
submersible pumping systems often operate at differing
points on the curve as water levels and operating pressures
fluctuate. Other converters may be well balanced at varying
loads, but their output may vary widely with fluctuations in
the input voltage.

The following guidelines have been established for
submersible installations to be warrantable when used with
a phase converter.

1. Limit pump loading to rated horsepower. Do not load into

motor service factor.

2. Maintain at least 3 ft/sec. flow past the motor. Use a flow
sleeve when necessary.

3. Use time delay fuses or circuit breakers in pump panel.
Standard fuses or circuit breakers do not provide
secondary motor protection.

4. Subtrol-Plus may be used with electro mechanical type
phase converters, however special connections are
required. Consult Subtrol-Plus Manual for connections
of receiver and lighting arrestor.

5. Subtrol-Plus will not work with electronic solid state
phase converters.

6. Current unbalance must not exceed 10%.

T5-V2
(YELLOW)

T2-V1
(YELLOW)

T4-U2
(BLACK)

T1-U1
(BLACK)

T6-W2
(RED)

T3-W1
(RED)

LEADS LOCATED HERE ONLY
FOR 3 LEAD (DOL) MOTORS

CHECK VALVE OR 
PIPE PLUG ON RIGHT
SIDE FACING MOTOR
SHAFT
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All Franklin three phase submersible motors are suitable
for full voltage starting. Under this condition the motor
speed goes from zero to full speed within a half second or
less. The load current goes from zero to locked rotor amps,
about 5 to 7 times running amps, and drops to running
amps at full speed. This may dim lights, cause momentary
voltage dips to other electrical equipment, and shock load
power distribution transformers.

Power companies may require reduced voltage starters to
limit this voltage dip if started “directly on line”. There are
also times when it may be desirable to reduce motor
starting torque. This lessens the stress on shafts, cou-
plings, and castings, as well as the supporting discharge
piping. A “strong” voltage supply and a small cable voltage
drop produces higher starting torque. Reduced voltage
starters are used to reduce starting current or torque, and
slow the immediate acceleration of the water on start up to
control upthrust and water hammer.

With maximum recommended cable length, there is a 5%
voltage drop in the cable, and there will be about 20%
reduced starting current and about 36% reduction in
starting torque compared to having rated voltage at the
motor. This may be enough reduction in starting current so
that reduced voltage starters may not be required.

Standard three phase motors have three line leads so only
resistance, autotransformer, or solid state reduced voltage
starters may be used. The autotransformer type is
preferred over resistance and solid state types because it
draws lower line current for the same starting torque.

Wye-Delta starters are used with six lead Wye-Delta
motors. All Franklin 6" and 8" three phase motors are
available in six lead Wye-Delta construction. Consult the
factory for details and availability. Part winding starters are
not usable with Franklin Electric submersible motors.

When reduced voltage starters are used, it is recom-
mended that the motor be supplied with at least 55% of
rated voltage to ensure adequate starting torque.

Most autotransformers starters have 65% and 85% taps.
Setting the taps on these starters depends on the percent-
age of the maximum allowable cable length used in the
system. If the cable length is less than 50% of the
maximum allowable, either the 65% or the 80% taps may
be used. When the cable length is more than 50% of
allowable, the 80% tap should be used.

Solid state reduced voltage starters may be used with
submersibles, but are not usable with Subtrol-Plus.

Both electromechanical and solid state starters have
adjustable time delays for starting. Typically they are
preset at 30 seconds. They must be set so the motor is
at full voltage within TWO TO THREE SECONDS
MAXIMUM to prevent overload trip and unnecessary
heating.

Open transition starters, which momentarily interrupt
power during the starting cycle, are not recommended.
Only closed transition starters, which have no interruption
of power during the start cycle, should be used.
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Franklin submersible motors are acceptable for booster
pump (canned) applications providing the following
conditions are taken into consideration in the system
design.

1. Horizontal Operation: Horizontal operation is
acceptable as long as the pump transmits thrust to
the motor and the entire assembly is supported
sufficiently to prevent binding stresses.

2. Motor Support: The motor support assembly must
not restrict the flow of cooling water around the full
diameter of the motor. The motor supports must be
on the motor endbell castings, and not on the motor
shell.

3. Motor Alterations: On 6” and 8” motors, the sand
slinger should be removed. The pipe plug covering
the check valve should be removed from Ni-resist
and 316 SS motors.

4. Controls: Franklin Subtrol-Plus is strongly
recommended for all large submersibles. If Subtrol-
Plus is not employed, properly sized ambient
compensated quick-trip overloads must be utilized. In
addition, a surge arrestor should be installed on all
systems and properly grounded.

5. Wiring: Franklin’s lead assemblies are sized for

submerged operation and may not be adequate for
use in open air. Any wiring not submerged must
comply with Franklin’s cable charts.

6. Water Temperature: The temperature of the water
should be monitored at the inlet to each booster.
When temperatures exceed 86°F (30°C), motor
derating is required.

7. Inlet Pressure: The inlet pressure on each booster
should be monitored and not be allowed below the
pump’s specified Net Positive Suction Head
Requirements (NPSHR). If NPSHR is unknown, at
least 20 PSI should be maintained at all times. At
no time should the pressure surrounding the
motor be less than one atmosphere.

8. Discharge Flow: The flow rate for each pump
should not be allowed to drop below the minimum
required maintaining cooling flow velocities.
Pressure relieving valves should be employed to
prevent running the pump at shut-off.

9. Discharge Pressure: The discharge pressure
should be great enough to prevent upthrust.

10. Can Flooding: An air bleeder valve must be
employed on the booster can so that flooding may
be accomplished prior to booster start-up. Once
flooding is complete, the booster should be started



Franklin three phase submersible motors are operable
from variable frequency inverter drives when applied
within guidelines shown below. These guidelines are
based on present Franklin information for inverter drives,
lab tests and actual installations, and must be followed
for warranty to apply to inverter drive installations.
Franklin two-wire and three-wire single phase
submersible motors are not recommended for variable
speed operation.

   Warning: There is a potential shock hazard from
   contact with insulated cables from a PWM drive to
   the motor. This hazard is due to high frequency
   voltage content of a PWM drive output.

Load Capability: Pump load should not exceed motor
nameplate service factor amps at rated voltage
and frequency.

Volts/Hz: Use motor nameplate volts and frequency for
the drive base settings.  Many drives have means to
increase efficiency at reduced pump speeds by lowering
motor voltage.  This is the preferred operating mode.

Motor Current Limits: Load no higher than motor
nameplate service factor amps.  For 50 Hz ratings,
nameplate maximum amps are rated amps.  See
Overload Protection below.

Carrier Frequency: Applicable to PWM drives only.
These drives often allow selection of the carrier
frequency. Use a low carrier frequency.

Voltage Rise-time or dV/dt: Limit the voltage peak at
the motor to 1000V and the rise time to no more than 2
µsec.  See filters and reactors.
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as quickly as possible to minimize the chance of
upthrust. Water should never be forced through the
booster can (more than momentarily) without the
pump running as failure due to upthrust may occur.

IMPORTANT NOTES:

1. High Pressure Tests: Motors intended for booster
applications where the pressure exceeds 500 PSI
must be special ordered from the factory.

2. Starting: Reduced voltage starting may be
employed. This will reduce upthrust on start, starting
current, and mechanical stresses created by the
motor’s high starting torque. Reduced voltage
starters, if used should accelerate the motor to full
speed within two seconds. Note: Solid state reduced
voltage starters are not compatible with Subtrol-Plus.

Motor Overload: Follow the Franklin guidelines listed in
the Application Installation Maintainance (AIM) Manual.

Protection: Drives with built-in motor protection will meet
Franklin’s quick-trip overload requirements. The ultimate
trip (not the setting) must not exceed 115% of nameplate
maximum amps in any line.

Subtrol-Plus: Franklin’s Subtrol-Plus protection systems
ARE NOT USABLE on VFD installations.

Frequency Range: Continuous between 30 and 60 Hz.
Consult factory for operations above 60 Hz.

Start and Stop: One second maximum ramp-up and
ramp-down times between stopped and 30 Hz. Stopping
by coast-down is preferable.

Successive Starts: Allow 60 seconds before restarting.

Filters or Reactors: Required if (1) Voltage is 380 or
greater and (2) Drive uses IGBT or BJT switches (rise-
times < 2 msec) and (3) Cable from drive to motor is
more than 50 ft. A low-pass filter is preferable.  Filters or
reactors should be selected in conjunction with the drive
manufacturer and must be specifically designed for VFD
operation.

Cable Lengths : Per Franklin’s cable tables.

Motor Cooling Flow: The flow rate past the motor at
rated nameplate motor frequency (Hz) must meet
Franklin’s minimum flow requirements. 4” .25 ft./sec. and
6” and 8” .5 ft./sec.
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1.508"
1.498"

1.48"
MAX

.030" R
MAX

.97"

.79"

L*

.161" MAX LEAD
BOSS HEIGHT

3.75" DIA.

.50" MIN.
FULL
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L*

5.44" DIA. 

.250"

.240"

3.000"
2.997"

1.0000"
.9995"

DIA.

.94" MIN. 
FULL SPLINE 2.875"

2.869"

6.25"

CHECK
VALVE

15 TOOTH 16/32"
DIAMETRAL PITCH
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* Motor lengths and shipping weights are available on Franklin Electric’s web page (www.franklin-electric.com) or
by calling Franklin’s submersible hotline (800-348-2420).

1.508"
1.498"

1.48"
MAX

.030" R
MAX

L*

.161" MAX LEAD
BOSS HEIGHT

3.75" DIA.

.50" MIN.
FULL

1.09"
  .91"

40 to 100 HP

5.000"
4.997"

5.130"
5.120"

1.69"
MIN FULL
SPLINE

0.240"

23 TOOTH 16/32"
DIAMETRAL PITCH

SHAFT DIA
1.5000"
1.4999"

CHECK 
VALVE 
WATER
WELL 
MODELS
PIPE PLUG 
STAINLESS
STEEL 
MODELS

M8 x 1.25 6G
GROUND
SCREW

7.50" DIA 
MAX

7.00"
FINNED

4.000"
3.999"

L*

23 TOOTH 16/32"
DIAMETRAL PITCH

SHAFT DIA
1.5000"
1.4999"

5.130"
5.120"

M8 x 1.25 6G
GROUND
SCREW

2.75"
FINNED

4.000"
3.999"

L*

125 to 200 HP

5.000"
4.997"

1.69"
MIN FULL
SPLINE

0.240"

CHECK 
VALVE 

7.70" DIA 
MAX
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4" Motors - 15 to 20 ft-lb. (20 to 27 N-m)
6" Motors - 50 to 60 ft-lb. (68 to 81 N-m)
8” Motors with: 1-3/16" to 1-5/8" Jam Nut - 50 to 60 ft-lb.

(68 to 81 N-m)
8" Motors with 4 Screw Clamp Plate: Apply increasing

torque to the screws equally in a criss-cross
pattern until 80 to 90 in-lb. (9.0 to 10.2 N-m) is
reached.

A motor lead assembly should not be reused. A new lead
assembly should be used whenever one is removed from
the motor, because rubber set and possible damage from
removal may prevent proper resealing of the old lead.

All motors returned for warranty consideration must
have the lead returned with the motor.

34
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Assemble coupling with non-toxic FDA approved
waterproof grease such as Mobile FM102, Texaco
CYGNUS2661, or approved equivalent. This prevents
abrasives from entering the spline area and prolongs
spline life.
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A common question is why motor leads are smaller than
specified in Franklin’s cable charts.

The leads are considered a part of the motor and actually
are a connection between the large supply wire and the
motor winding. The motor leads are short and there is
virtually no voltage drop across the lead.

In addition, the lead assemblies operate under water,
while at least part of the supply cable must operate in air.
Lead assemblies running under water operate cooler.

CAUTION:  Lead assemblies on submersible motors
are suitable only for use in water and may overheat
and cause failure if operated in air.

�����*�������&��������&�	��

If the height, measured from
the pump-mounting surface
of the motor, is low and/or
end play exceeds the limit,
the motor thrust bearing is
possibly damaged, and
should be replaced.

Table 34

Min. Max.

1.508" 38.30 .010" .045"

1.498" 38.05 .25 mm 1.14 mm

2.875" 73.02 .030" .050"

2.869" 72.88 .75 mm 1.25 mm

4.000" 101.60 .008" .020"

3.990" 101.35 .20 mm .50 mm

4.000" 101.60 .035" .060"

3.990" 101.35 .89 mm 1.52 mm

4.000" 101.60 .030" .080"

3.990" 101.35 .75 mm 2.03 mm

Dimension

Shaft Height

mm

mm

4" 101.5 mm

101.5 mm

mm8" Type 2.1

1 1/2" 38.1 mm

4" 101.5 mm

4"

6"

8" Type 1

8" Type 2 4"

mm

mm2 7/8" 73.0 mm

Motor
Free End PlayNormal 

Shaft Height
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When the drop cable must be spliced or connected to the
motor leads, it is necessary that the splice be watertight.
This splice can be made with commercially available
potting, heat shrink splicing kits, or by careful tape splicing.

Tape splicing should use the following procedure.

A) Strip individual conductor of insulation only as far as
necessary to provide room for a stake type connector.
Tubular connectors of the staked type are preferred. If
connector outside diameter (OD) is not as large as
cable insulation, build up this area with rubber electrical
tape.

B) Tape individual joints with rubber electrical tape, using
two layers, with the first layer extending two inches

beyond each end of the conductor insulation end, and
the second layer extending two inches beyond the ends
of the first layer. Wrap tightly, eliminating air spaces as
much as possible.

C) Tape over the rubber electrical tape with #33 Scotch
electrical tape, (3M) or equivalent, using two layers as
in step “B” and making each layer overlap the end of
the preceding layer by at least two inches.

In the case of a cable with three conductors encased in a
single outer sheath, tape individual conductors as de-
scribed, staggering joints.

Total thickness of tape should be no less than the thick-
ness of the conductor insulation.

STAKED CONNECTOR

RUBBER TAPE2"2"

PVC ELECTRICAL TAPE

2" 2"

FIG. 12

35



����������
�
�		
�����

36

��
��������4�����������

Motor Does Not Start 

  A.  No power or incorrect voltage.   Check voltage at line terminals.   Contact power company if voltage is 
  The voltage must be ± 10% of rated voltage.   incorrect.

  B.  Fuses blown or circuit   Check fuses for recommended size and   Replace with proper fuse or reset
       breakers tripped.   check for loose, dirty or corroded   circuit breakers. 

  connections in fuse receptacle. Check 
  for tripped circuit breakers.

  C.  Defective pressure switch.   Check voltage at contact points. Improper   Replace pressure switch or clean
  contact of switch points can cause voltage   points.
  less than line voltage.

  D.  Control box malfunction.   For detailed procedure, see pages 40-41.   Repair or replace.

  E.  Defective wiring   Check for loose or corroded connections   Correct faulty wiring or connections.
  or defective wiring.

  F.  Bound pump.   Check for misalignment between pump   Pull pump and correct problem.
  and motor or a sand bound pump.   Run new installation until the water 
  Amp readings will be 3 to 6 times higher   clears.
  than normal until the overload trips.

  G.  Defective cable or motor.   For detailed procedure, see pages 38-40.   Repair or replace.

Motor Starts Too Often

  A.  Pressure switch.   Check setting on pressure switch and   Reset limit or replace switch. 
  examine for defects.

  B.  Check valve - stuck open.   Damaged or defective check valve will   Replace if defective. 
  not hold pressure.

  C.  Waterlogged tank.   Check air charge.   Repair or replace.

  D.  Leak in system.   Check system for leaks.   Replace damaged pipes or repair leaks.

Possible Cause Checking Procedures Corrective Action
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Motor Runs Continuously 

  A.  Pressure switch.   Check switch for welded contacts.   Clean contacts, replace switch, or
  Check switch adjustments.   adjust setting.

  B.  Low water level in well.   Pump may exceed well capacity. Shut off   Throttle pump output or reset pump to
  pump, wait for well to recover. Check   lower level. Do not lower if sand may
  static and drawdown level from well head.   clog pump.

  C.  Leak in system.    Check system for leaks.   Replace damaged pipes or repair leaks.

  D.  Worn pump.   Symptoms of worn pump are similar to   Pull pump and replace worn parts.
  those of drop pipe leak or low water level
  in well. Reduce pressure switch setting, if
  pump shuts off worn parts may be the 
  fault. 

  E.  Loose coupling or broken motor   Check for loose coupling or damaged shaft.   Replace worn or damaged parts.
       shaft.

  F.  Pump screen blocked.   Check for clogged intake screen.   Clean screen and reset pump depth. 

  G.  Check valve stuck closed.   Check operation of check valve.   Replace if defective.

  H.  Control box malfunction.   See pages 40-41 for single phase.   Repair or replace.

Motor Runs But Overload Protector Trips

  A.  Incorrect voltage.   Using voltmeter, check the line terminals.   Contact power company if voltage is
  Voltage must be within ± 10% of rated   incorrect.
  voltage.

  B.  Overheated protectors.   Direct sunlight or other heat source can   Shade box, provide ventilation or move
  raise control box temperature causing   box away from source.
  protectors to trip. The box must not be hot 
  to touch.

  C.  Defective control box.   For detailed procedures, see pages 40-41.   Repair or replace. 

  D.  Defective motor or cable.   For detailed procedures, see pages 38-40.   Repair or replace. 

  E.  Worn pump or motor.   Check running current. See pages 13 & 21-23.   Replace pump and/or motor.

Possible Cause Checking Procedures Corrective Action
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FIG. 13 FIG. 14

Table 38   Preliminary Tests - All Sizes Single and Three Phase

Insulation    1.  Open master breaker and disconnect all leads from control     1.  If the ohms value is normal (Table 39), the motor is  

Resistance         box or pressure switch (QD type control, remove lid) to          not grounded and the cable insulation is not damaged.

        avoid electric shock hazard and damage to the meter.

   2.  Set the scale lever to R X 100K and set the ohmmeter on     2.  If the ohms value is below normal, either the windings

        zero.          are grounded or the cable insulation is damaged.

   3.  Connect one ohmmeter lead to any one of the motor leads          Check the cable at the well seal as the insulation is 

        and the other lead to the metal drop pipe. If the drop pipe is          sometimes damaged by being pinched.

        plastic, connect the ohmmeter lead to ground.

Winding    1.  Open master breaker and disconnect all leads from control     1.  If all ohms values are normal (Tables 13, 21, 22 & 23), the 

Resistance         box or pressure switch (QD type control, remove lid) to          motor windings are neither shorted nor open, and the 

        avoid electric shock hazard and damage to the meter.          cable colors are correct

   2.  Set the scale lever to R X 1 for values under 10 ohms.

        For values over 10 ohms, set the scale lever to R X 10.     2.  If any one value is less than normal, the motor

        "Zero" the ohmmeter.          is shorted.

   3.  On 3-wire motors measure the resistance of yellow to black

        (Main winding) and yellow to red (Start winding).     3.  If any one ohm value is greater than normal, the 

         winding or the cable is open, or there is a poor cable 

        On 2-wire motors measure the resistance from line to line.          joint or connection.

        Three phase motors measure the resistance line to line for     4.  If some ohms values are greater than normal and some

        all three combinations.          less on single phase motors, the leads are mixed. See

         Page 40 to verify cable colors.

"Test" Procedure What it Means
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The values below are for copper conductors. If aluminum
conductor drop cable is used, the resistance will be higher.
To determine the actual resistance of the aluminum drop
cable, divide the ohm readings from this chart by 0.61. This
chart shows total resistance of cable from control to motor
and back.

Winding Resistance Measuring
When measured as shown in FIG 14, Page 38, motor
resistance should fall within the values in Tables 13, 21, 22
& 23. When measured through the drop cable, the
resistance of the drop cable as determined from the chart
below, must be subtracted from the ohmmeter reading to
get the winding resistance of the motor.

Insulation resistance varies very little with rating. Motors of all HP, voltage, and phase ratings have similar values of
insulation resistance.

Table 39 is based on readings taken with a megohmmeter with a 500V DC output. Readings may vary using a lower
voltage ohmmeter, consult Franklin Electric if readings are in question.

Table 39 Normal Ohm and Megohm Values Between All Leads and Ground

Condition of Motor and Leads Ohm Value Megohm Value

    A new motor (without drop cable). 20,000,000 (or more) 20 (or more)

    A used motor which can be reinstalled in well. 10,000,000 (or more) 10 (or more)

Motor in well. Readings are for drop cable plus motor.

    New motor. 2,000,000 (or more) 2 (or more)

    Motor in good condition. 500,000 - 2,000,000 .5 - 2

    Insulation damage, locate and repair. Less than 500,000 Less than .5

DC Resistance in Ohms per 100ft. of Wire (Two conductors) @ 50°F

14 12 10 8 6 4 3 2

0.544 0.338 0.214 0.135 0.082 0.052 0.041 0.032

250 300 350 400 500 600 700
MCM MCM MCM MCM MCM MCM MCM

0.026 0.021 0.017 0.013 0.010 0.0088 0.0073 0.0063 0.0056 0.0044 0.0037 0.0032

4/0

Ohms

AWG or MCM Wire Size (Copper)

1 1/0 2/0 3/0



������������	�����������������������������

If the colors on the individual drop cables cannot be found
with an ohmmeter, measure:

Cable 1 to Cable 2
Cable 2 to Cable 3
Cable 3 to Cable 1

Find the highest resistance reading.

The lead not used in the highest reading is the yellow lead.

Use the yellow lead and each of the other two leads to get
two readings:

Highest is the red lead.
Lowest is the black lead.
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EXAMPLE:
The ohmmeter readings were:

Cable 1 to Cable 2—6 ohms
Cable 2 to Cable 3—2 ohms
Cable 3 to Cable 1— 4 ohms

The lead not used in the highest reading (6 ohms) was
Cable 3—Yellow

From the yellow lead, the highest reading (4 ohms) was
 To Cable 1—Red

From the yellow lead, the lowest reading (2 ohms) was
To Cable 2—Black

Checking and Repairing Procedures (Power On)

   WARNING :  Power must be on for these tests. Do not
   touch any live parts.

A. VOLTAGE MEASUREMENTS
Step 1. Motor Off

1.Measure voltage at L1 and L2 of pressure switch or
line contactor.

2.Voltage Reading: Should be ±10% of motor rating.

Step 2. Motor Running

1. Measure voltage at load side of pressure switch
or line contactor with pump running.

2. Voltage Reading: Should remain the same except
for slight dip on starting. Excessive voltage drop can
be caused by loose connections, bad contacts,
ground faults, or inadequate power supply.

3. Relay chatter is caused by low voltage or ground
faults.

B. CURRENT (AMP) MEASUREMENTS
1.Measure current on all motor leads.

�������	�
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2.Amp Reading: Current in red lead should momen-
tarily be high, then drop within one second to values
on Page 13. This verifies relay or solid state relay
operation. Current in black and yellow leads should
not exceed values on Page 13.

3.Relay or switch failures will cause red lead current
to remain high and overload tripping.

4.Open run capacitor(s) will cause amps to be higher
than normal in the black and yellow motor leads and
lower than normal in the red motor lead.

5.A bound pump will cause locked rotor amps and
overloading tripping.

6.Low amps may be caused by pump running at
shutoff, worn pump, or stripped splines.

7.Failed start capacitor or open switch/relay are
indicated if the red lead current is not momentarily
high at starting.

CAUTION :  The tests in this manual for components such as capacitors, relays, and QD switches should be regarded as
indicative and not as conclusive. For example, a capacitor may test good (not open, not shorted) but may have lost some
of its capacitance and may no longer be able to perform its function.

To verify proper operation of QD switches or relays, refer to operational test procedure described above in Section B-2.
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A.  OVERLOADS (Push Reset Buttons to make sure
contacts are closed.)

1. Meter Setting: R x 1.

2. Connections: Overload terminals.

3. Correct meter reading: Less than 0.5 ohms.

B.  CAPACITOR (Disconnect leads from one side of each
capacitor before checking.)

1. Meter Setting: R x 1,000.

2. Connections: Capacitor terminals.

3. Correct meter reading: Pointer should swing toward
           zero, then drift back to infinity, except for capacitors
           with resistors which will drift back to 15,000 ohms.

C.  RELAY COIL (Disconnect lead from Terminal #5)

1. Meter Setting: R x 1,000.

2. Connections: #2 & #5.

3. Correct meter readings: 4.5-7.0 (4,500 to 7,000
           ohms) for all models.
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A. START CAPACITOR AND RUN CAPACITOR IF
      APPLICABLE (CRC)

1. Meter Setting: R x 1,000.

2. Connections: Capacitor terminals.

3. Correct meter reading: Pointer should swing toward
    zero, then back to infinity.

B. Q.D. (BLUE) RELAY

Step 1. Triac Test
1. Meter setting: R x 1,000.

2. Connections: Cap and B terminal.

3. Correct meter reading: Infinity for all models.

Step 2, Coil Test
1. Meter Setting: R x 1.

2. Connections: L1 and B.

3. Correct meter reading: Zero ohms for all models.

C. POTENTIAL  (VOLTAGE) RELAY
Step 1. Coil Test

1. Meter setting: R x 1,000.

QD, Solid State Control Box (Power Off)

Integral Horsepower Control Box (Power Off)

CAUTION :  The tests in this manual for components such as capacitors, relays, and QD switches should be regarded as
indicative and not as conclusive. For example, a capacitor may test good (not open, not shorted) but may have lost some
of its capacitance and may no longer be able to perform its function.

To verify proper operation of QD switches or relays, refer to operational test procedure described on Page 40, Section B-2.

2. Connections: #2 & #5.

3. Correct meter readings: For 115 Volt Boxes

.7-1.8 (700 to 1,800 ohms).
For 230 Volt Boxes
4.5-7.0 (4,500 to 7,000 ohms).

Step 2. Contact Test
1. Meter setting: R x 1.

2. Connections: #1 & #2.

3. Correct meter reading: Zero for all models.

D. SOLID STATE SWITCH
Step 1. Triac Test

1. Meter Setting: R x 1,000.

2. Connections: R (Start) terminal and orange lead on
    start switch.

3. Correct meter reading: Infinity for all models.

Step 2. Coil Test
1. Meter Setting: R x 1.

2. Connections: Y (Common) and L2.

3. Correct meter reading: Zero ohms for all models.

D.  RELAY CONTACT (Disconnect lead from Terminal #1)

1. Meter Setting: R x 1.

2. Connections: #1 & #2.

3. Correct meter reading: Zero ohms for all models.

E.  CONTACTOR COIL (Disconnect lead from one side of
coil)

1. Meter Setting: R x 100.

2. Connections: Coil terminals.

3. Correct meter reading: 180 to 1,400 ohms.

F.  CONTACTOR CONTACTS
1. Meter Setting: R X 1.

2. Connections: L1 & T1 or L2 & T2.

3. Manually close contacts.

4. Correct meter reading: Zero ohms.
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NOTE 1:  Control boxes supplied with QD relays are
  designed to operate on 230 volt systems. For
  208 volt systems or where line voltage is
  between 200 volts and 210 volts use the next
  larger cable size, or use a boost transformer to
  raise the voltage.

NOTE 2:  Voltage relays kits for 115 volts (305102 901)
  and 230 volts (305102 902) will replace current,
  voltage or QD relays, and solid state switches.
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(1) For Control Boxes with model
numbers that end with 915.

Table 42 QD Control Box Parts 60 Hz

Control Box Start Run 

Model Number Capacitor Capacitor

115 2801024915 223415905 275464125 159-191 110

230 2801034915 223415901 275464126 43-53 220

115 2801044915 223415906 275464201 250-300 125

230 2801054915 223415902 275464105 59-71 220

230 2824055015 (CRC) 223415912 275464126 43-53 220 156132101 15 370

230 2801074915 223415903 275464118 86-103 220

230 2824075015 (CRC) 223415913 275464105 59-71 220 156132102 23 370

230 2801084915 223415904 275464113 105-126 220

230 2824085015 (CRC) 223415914 275464118 86-103 220 156132102 23 370

3/4

1

MFD Volts

1/3

1/2

HP Volts MFD Volts QD (Blue) Relay

275 464 105 305 207 905

275 464 113 305 207 913

275 464 118 305 207 918

275 464 125 305 207 925

275 464 126 305 207 926

156 132 101 305 203 907

156 132 102 305 203 908

QD Overload Kits 60 Hz

1/3 115 305100 901 223 415 901 305 101 901

1/3 230 305100 902 223 415 902 305 101 902

1/2 115 305100 903 223 415 903 305 101 903

1/2 230 305100 904 223 415 904 305 101 904

3/4 230 305100 905 223 415 905 305 101 905

1 230 305100 906 223 415 906 305 101 906

223 415 912 (CRC) 305 105 901

223 415 913 (CRC) 305 105 902

223 415 914 (CRC) 305 105 903

Capacitor Number  Kit

QD Capacitor Replacement Kits

HP Volts Kit (1)

QD Relay Replacement Kits

QD Relay Number Kit
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FOOTNOTES:

(1) Lightning arrestors 150 814 902 are suitable for all control boxes.

(2) S = Start, M = Main, L = Line, Deluxe = Control box with line contactors

(3) For 208V systems or where line voltage is between 200V and 210V a low voltage relay is required. Use relay part
155 031 601 in place of 155 031 102 or 155 031 602 in place of 155 031 601. Use the next larger cable size than
specified in 230V table. Boost transformers per Page 14 are an alternative to special relays and cable.

Table 43 Integral Horsepower Control Box Parts 60 Hz

Motor Control 
Rating Box (1) Overload (2) Relay (3) Contactor (2)

HP Model No. Part No. Part No. Part No.
4" 1 1/2 282 3008 110 275 464 113 S 105-126 220 1 275 411 107 155 031 102

Standard 155 328 102 R 10 370 1

4" 2 282 3018 110 275 464 113 S 105-126 220 1 275 411 107 S 155 031 102

Standard 155 328 103 R 20 370 1 275 411 113 M

4" 2 282 3018 310 275 464 113 S 105-126 220 1 275 411 107 S 155 031 102 155 325 102 L

Deluxe 155 328 103 R 20 370 1 275 411 113 M

4" 3 282 3028 110 275 463 111 S 208-250 220 1 275 411 108 S 155 031 102

Standard 155 327 102 R 35 370 1 275 411 115 M

4" 3 282 3028 310 275 463 111 S 208-250 220 1 275 411 108 S 155 031 102 155 325 102 L

Deluxe 155 327 102 R 35 370 1 275 411 115 M

4" & 6" 5 282 1138 110 275 468 119 S 270-324 330 1 275 411 102 S 155 031 102

Standard 155 327 101 R 30 370 2 275 406 102 M

4" & 6" 5 282 1138 310 or 275 468 119 S 270-324 330 1 275 411 102 S 155 031 102 155 326 101 L

Deluxe 282 1139 310 155 327 101 R 30 370 2 275 406 102 M

6" 7 1/2 282 2019 210 275 468 119 S 270-324 330 1 275 411 102 S 155 031 601

Standard 275 468 118 S 216-259 330 1 275 406 122 M

155 327 109 R 45 370 1

6" 7 1/2 282 2019 310 275 468 119 S 270-324 330 1 275 411 102 S 155 031 601 155 326 101 L

Deluxe 275 468 118 S 216-259 330 1 275 406 121 M

155 327 109 R 45 370 1

6" 10 282 2029 210 275 468 119 S 270-324 330 1 275 406 103 S 155 031 601

Standard 275468 120 S 350-420 330 1

155 327 102 R 35 370 2 155 409 101 M

6" 10 282 2029 310 275 468 119 S 270-324 330 1 275 406 103 S 155 031 601 155 326 102 L

Deluxe 275468 120 S 350-420 330 1

155 327 102 R 35 370 2 155 409 101 M

6" 15 282 2039 310 275 468 120 S 350-420 330 2 275 406 103 S 155 031 601 155 429 102 L

Deluxe 155 327 109 R 45 370 3 155 409 102 M

Motor 
Size

Capacitors

Part No. (2) Mfd. Volts Qty.
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275 463 111 305 206 911

275 464 113 305 207 913

275 468 117 305 208 917

275 468 118 305 208 918

275 468 119 305 208 919

155 327 101 305 203 901

155 327 102 305 203 902

155 327 109 305 203 909

155 328 102 305 204 902

155 328 103 305 204 903

275 406 102 305 214 902

275 406 103 305 214 903

275 406 121 305 214 921

275 406 122 305 214 922

275 411 102 305 215 902

275 411 107 305 215 907

275 411 108 305 215 908

275 411 113 305 215 913

275 411 115 305 215 915

155 031 102 305 213 902

155 031 601 305 213 961

 Integral HP Capacitor Replacement Kits

Capacitor Number  Kit

Integral HP Overload Replacement Kits

Integral HP Voltage Relay Replacement Kits

Overload Number Kit

Relay Number Kit



Y
(MOTOR LEADS)

B (MAIN) R (START) L2                      L1
(LINE LEADS)

QD RELAY
CAPACITORCAP

1½ HP
282 300 8110

������������	�����������������������������

½ - 1 HP CRC QD RELAY
282  40_  5015

Sixth digit depends on HP

    - 1 HP QD RELAY
280  10_  4915

Sixth digit depends on HP
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LINE POWER
FROM TWO POLE

FUSED SWITCH OR
CIRCUIT BREAKER,

AND OTHER CONTROL
IF USED.

GROUND
LEAD

OVERLOAD
GROUND

LEAD
TO

MOTOR

START CAPACITORRUN CAPACITOR

RELAY

Y
(MOTOR LEADS)

B (MAIN) R (START) L2                      L1
(LINE LEADS)

R
U

N
C

A
PA

C
IT

O
R

S
TA

R
T

C
A

PA
C

IT
O

R

QD RELAY
CAP
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LINE POWER
FROM TWO POLE
FUSED SWITCH OR 
CIRCUIT BREAKER,
AND OTHER CONTROL
IF USED.

GROUND
LEAD

MAIN OVERLOAD
START

OVERLOAD
TO

MOTOR

GROUND
LEAD

START CAPACITOR

RELAY

RUN CAPACITOR

LINE
POWER
FROM 
TWO POLE
FUSED 
SWITCH 
OR
CIRCUIT
BREAKER

TO
PRESSURE
OR OTHER
CONTROL
SWITCH MAIN OVERLOAD START

OVERLOAD
TO

MOTOR

GROUND
LEAD

GROUND
LEAD

RUN CAPACITOR

LINE
CONTACTOR

COIL

RELAY

START CAPACITOR

GROUND
LEAD

LINE POWER
FROM TWO POLE
FUSED SWITCH OR 
CIRCUIT BREAKER,
AND OTHER CONTROL
IF USED.

MAIN OVERLOAD
START

OVERLOAD TO
MOTOR

GROUND
LEAD

START CAPACITORS

RELAY

RUN CAPACITORS

LINE
POWER
FROM 
TWO POLE
FUSED 
SWITCH 
OR
CIRCUIT
BREAKER MAIN OVERLOAD START

OVERLOAD
TO

MOTOR

GROUND
LEAD

RELAY

START CAPACITORRUN CAPACITOR

GROUND
LEAD

LINE
CONTACTOR

COIL

TO
PRESSURE
OR OTHER
CONTROL
SWITCH

2 HP STANDARD
282 301 8110

3 HP STANDARD
282 302 8110

3 HP DELUXE
282 302 8310

2 HP DELUXE
282 301 8310
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GROUND
LEAD

LINE POWER
FROM TWO POLE
FUSED SWITCH OR 
CIRCUIT BREAKER,
AND OTHER CONTROL
IF USED.

MAIN OVERLOAD
START

OVERLOAD

START CAPACITOR

RUN CAPACITORS

TO
MOTOR

GROUND
LEAD

RELAY

LIGHTNING
ARRESTOR
(IF USED)

START CAPACITOR
RUN CAPACITORS

COIL

LINE CONTACTOR

COIL

RELAY

LIGHTNING
ARRESTOR
(IF USED)

TO
MOTOR

START
OVERLOAD GROUND

LEADMAIN OVERLOAD

LINE
POWER
FROM
TWO POLE
FUSED
SWITCH
OR 
CIRCUIT
BREAKER

TO
PRESSURE
OR OTHER
CONTROL 

SWITCH

GROUND
LEAD

GROUND
LEAD

LINE POWER
FROM TWO POLE
FUSED SWITCH OR 
CIRCUIT BREAKER,
AND OTHER CONTROL
IF USED.

MAIN OVERLOAD
START

OVERLOAD TO
MOTOR

GROUND
LEAD

LIGHTNING
ARRESTOR
(IF USED)

RELAY

RUN CAPACITORS

START CAPACITORS

TO 
PRESSURE
OR OTHER
CONTROL
SWITCH

MAIN OVERLOAD

LINE
POWER
FROM
TWO POLE
FUSED
SWITCH
OR
CIRCUIT
BREAKER

GROUND
LEAD

START
OVERLOAD GROUND

LEAD
TO

MOTOR

RUN 
CAPACITOR

COIL

LINE CONTACTOR

COIL

RELAY

LIGHTNING
ARRESTOR
(IF USED)

START CAPACITORS

5 HP STANDARD
282 113 8110

5 HP DELUXE
282 113 8310 or 282 113 9310

7½ HP STANDARD
282 201 9210

7½ HP DELUXE
282 201 9310
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START CAPACITOR

RUN CAPACITORS

START CAPACITOR

TO 
PRESSURE
OR OTHER
CONTROL
SWITCH

MAIN 
OVERLOAD

LINE
POWER
FROM
TWO POLE
FUSED
SWITCH
OR
CIRCUIT
BREAKER

GROUND
LEAD

START
OVERLOAD

GROUND
LEAD

TO
MOTOR

RELAY

LIGHTNING
ARRESTOR
(IF USED)

COIL

LINE CONTACTOR

COIL

10 HP STANDARD
282 202 9210

10 HP DELUXE
282 202 9310

15 HP DELUXE
282 203 9310
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START CAPACITORS

RUN CAPACITORS

RELAY

LIGHTNING
ARRESTOR
(IF USED)

LINE POWER
FROM TWO POLE
FUSED SWITCH OR 
CIRCUIT BREAKER,
AND OTHER CONTROL
IF USED.

MAIN 
OVERLOAD START

OVERLOAD TO
MOTOR

GROUND
LEAD

GROUND
LEAD

TO 
PRESSURE
OR OTHER
CONTROL
SWITCH

MAIN 
OVERLOAD

LINE
POWER
FROM
TWO POLE
FUSED
SWITCH
OR
CIRCUIT
BREAKER

GROUND
LEAD

START
OVERLOAD

GROUND
LEAD

TO
MOTOR

RELAY

LIGHTNING
ARRESTOR
(IF USED)

COIL

LINE CONTACTOR

COIL

START CAPACITORS

RUN CAPACITORS
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Pumptec-Plus is a pump/motor protection device designed to work on any 230V single phase induction motor (PSC,
CSCR, CSIR, and split phase) ranging in size from 1/2 to 5 horsepower. Pumptec-Plus uses a micro-computer to continu-
ously monitor motor power and line voltage to provide protection against dry well, water logged tank, high and low voltage
and mud or sand clogging.

Pumptec-Plus - Trouble Shooting During Installation

  Check wiring. Power supply voltage should be applied to L1 and L2    
  term inals  of the Pum ptec-Plus .
  In som e ins tallations  the pressure switch or other control device is  wired 
  to the input of the Pum ptec-Plus . Make sure this  switch is  closed.

  Pum ptec-Plus  is  calibrated at the factory so that it will overload on m os t 
  pum p sys tem s  when the unit is  firs t ins talled. This  overload condition is  a
  rem inder that the Pum ptec-Plus  unit requires  calibration before use.
  See s tep 7 of the ins tallation ins tructions.

  Pum ptec-Plus  should be calibrated on a full recovery well with the 
  m axim um  water flow. Flow res trictors  are not recom m ended.

  Step C of the calibration ins tructions  indicate that a flashing green light 
  condition will occur 2 to 3 seconds  after taking the SNAPSHOT of the
  m otor load. On som e two-wire m otors  the yellow light will flash ins tead of
  the green light. Press  and release the reset button. The green should
  s tart flashing.

  During the ins tallation of Pum ptec-Plus  power m ay be switched on and off 
  several tim es . If power is  cycled m ore than four tim es  within a m inute 
  Pum ptec-Plus  will trip on rapid cycle. Press  and release the reset button to
  res tart the unit.

  A bobbing float switch m ay cause the unit to detect a rapid cycle condition
  on any m otor or an overload condition on two wire m otors . Try to reduce  
  water splashing or use a different switch.

  The line voltage is  over 253 volts . Check line voltage. Report high line 
  voltage to the power com pany.

  If you are us ing a generator the line voltage m ay becom e too high when
  the generator unloads . Pum ptec-Plus  will not allow the m otor to turn on 
  again until the line voltage returns  to norm al. Over voltage trips  will also 
  occur if line frequency drops  too far below 60 Hz.

  The line voltage is  below 207 volts . Check line voltage.

  Check for loose connections  which m ay cause voltage drops .

  If you are us ing a generator the line voltage m ay becom e too low when the 
  generator loads . Pum ptec-Plus  will trip on undervoltage if the generator 
  voltage drops  below 207 volts  for m ore than 2.5 seconds . Undervoltage 
  trips  will also occur if the line frequency rises  too far above 60 Hz. 

Symptom Possible Cause Solution

Solid Red Light

Two-Wire Motor

Power Interruption

Float Switch

High Line Voltage

Unloaded 
Generator

Low Line Voltage

Loose 
Connections

Loaded Generator

Unit Appears Dead 
(No Lights)

No Power to Unit

Unit Needs  To Be 
Calibrated

Miscalibrated

Flashing Yellow 
Light

Flashing Yellow 
Light During 
Calibration

Flashing Red and 
Yellow Lights

Flashing Red Light
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  Wait for the automatic restart timer to time out. During the time out
  period, the well should recover and fill with water. If the automatic 
  reset timer is set to the manual position, then the reset button must 
  be pressed to reactivate the unit.

  Clear or replace pump intake screen.

  Remove blockage in plumbing.

  Replace check valve.

  Replace broken parts.

  Machine gun rapid cycling can cause an underload condition. 
  See flashing red and yellow lights section below.

  Replace worn pump parts and recalibrate.

  Repair or replace motor. Pump may be sand or mud locked.

  A bobbing float switch can cause two-wire motors to stall. 
  Arrange plumbing to avoid splashing water. Replace float switch.

  Check insulation resistance on motor and control box cable.

  The line voltage is below 207 volts. Pumptec-Plus will try to 
  restart the motor every two minutes until line voltage is normal.

  Check for excessive voltage drops in the system electrical 
  connections (i.e. circuit breakers, fuse clips, pressure switch, and 
  Pumptec-Plus L1 and L2 terminals). Repair Connections.

  The line voltage is over 253 volts. Check line voltage. Report high
  line voltage to the power company.

  The most common cause for the rapid cycle condition is a 
  waterlogged tank. Check for a ruptured bladder in the water tank.
  Check the air volume control or snifter valve for proper operation.
  Check setting on the pressure switch and examine for defects.

  Replace damaged pipes or repair leaks.

  Failed valve will not hold pressure. Replace Valve.

  Press and release the reset button to restart the unit.
  A bobbing float switch may cause the unit to detect a rapid cycle
  condition on any motor or an overload condition on two wire
  motors. Try to reduce water splashing or use a different switch.

Symptom Possible Cause Solution

Solid Yellow Light

Broken Shaft

Check Valve Stuck

Blocked Discharge 

Blocked Intake

Dry Well

Yellow Flashing Light

Solid Red Light

Flashing Red Light 

Flashing Red and Yellow 
Lights

Float Switch

Stuck Check Valve 

Leaky Well System

Rapid Cycle 

High Line Voltage

Loose Connections

Low Line Voltage

Ground Fault

Float Switch

Stalled Motor

Worn Pump

Severe Rapid Cycling

Pumptec-Plus - Trouble Shooting After Installation



The Franklin Electric CP (Constant Pressure) Water System is a variable-speed water system that
utilizes a variable-speed drive system to deliver water at a constant pressure.

WARNING:
Serious or fatal electrical shock may result from failure to connect the motor, CP Water Controller, metal plumbing and
all other metal near the motor or cable to the power supply ground terminal using wire no smaller than motor cable wires.
To reduce the risk of electrical shock, disconnect power before working on or around the water system. Capacitors inside
the CP Water Controller can still hold a lethal voltage even after power has been removed. Allow 10 minutes for
dangerous internal voltage to discharge. Do not use motor in swimming areas.

CP Water System Troubleshooting

Should an application or system problem occur, a built-in diagnostics will protect the system. The “FAULT” light on the front
of the CP Water Controller will flash a given number of times indicating the nature of the fault. In some cases, the system
will shut itself off until corrective action is taken. Fault codes and their corrective actions are listed below.
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*"Cycle input power" means turn the power off for 5 seconds and then back on again.

  Overpum ped or dry well.   Wait for well to recover and automatic 
  Worn pump.   res tart timer to time out. If the problem  
  Broken motor shaft.   does not correct, check m otor and pum p.
  Blocked pum p screen.   See description of "sm art reset" in CP 

  Water ins tallation m anual.

  Low line voltage.   Check for loose connections. Check line
  voltage. Report low voltage to the power 
  company. Unit will s tart autom atically 
  when proper power is  supplied.

  Motor/pum p m isaligned.   Cycle input power*. On power up, unit will
  Sand bound pum p.   attem pt to free a locked pum p. If 

  unsuccess ful, check the m otor and pump.

  Waterlogged tank.   With no water pressure, check air 
  pressure in tank. Pressure should be 
  10-15 PSI below CP Water pressure 
  setting.

  Loose connections.   Check m otor wiring. Make certain all 
  Defective m otor or cable.   connections are tight. Make certain proper

  motor is  ins talled. Cycle input power* to
  reset.

  Defective m otor or cable.   Check m otor wiring.

  High ambient tem perature.   This  fault autom atically resets  when 
  Direct sunlight.   tem perature returns to a safe level.
  No water flow through the unit.

  Cycle input power*. If problem  pers is ts , 
  replace CP Water Controller.

Possible Cause Corrective Action

Rapid cycling          
(unit s till runs )

4

3 Locked pum p

2

1 Motor underload

Undervoltage

Internal sensor fault

Overheat

Short circuit

# of 
Flashes

Fault

8

7

6

5 Open circuit
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QD Pumptec and Pumptec are load sensing devices that monitor the load on submersible pump/motors. If the load drops
below a preset level for a minimum of 4 seconds the QD Pumptec or the Pumptec will shut off the motor.
The QD Pumptec is designed and calibrated expressly for use on Franklin Electric 230V 3-wire motors (1/3 to 1HP). The
QD Pumptec must be installed in QD relay boxes.
The Pumptec is designed for use on Franklin Electric 2- and 3-wire motors (1/3 to 1 1/2 HP) 115 and 230V. The Pumptec is
not designed for Jet Pumps.
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QD Pumptec & Pumptec -Trouble Shooting

  A.  Is  the voltage more than 90% of nameplate rating?
QD Pumptec or Pumptec trips in about   B.  Are the pump and motor correctly matched?

4 seconds with some water delivery.   C.  Is  the QD Pumptec or Pumptec wired correctly? 
        For the Pumptec check the wiring diagram and pay special attention to 
        the pos itioning of the power lead (230V or 115V). 
        For QD Pumptec is  your sys tem 230V 60 Hz or 220V 50 Hz?
  A.  The pump may be airlocked. If there is  a check valve on top of the 

QD Pumptec or Pumptec trips in about         pump, put another section of pipe between the pump and the check 
4 seconds with no water delivery.         valve.

  B.  The pump may be out of water.
  C.  Check the valve settings. The pump may be dead-heading.
  D.  Pump or motor shaft may be broken.
  E.  Motor overload may be tripped. Check the motor current (amperage).
  A.  Check switch pos ition on s ide of circuit board on Pumptec. 

QD Pumptec or Pumptec        QD Pumptec check timer pos ition on top/front of unit. Make sure the  
 will not time out and reset.        switch is  not between settings.

  B.  If the reset time switch is  set to manual reset (pos ition 0),  
       QD Pumptec and Pumptec will not reset (turn power off for 5 sec. then
       back on to reset).
  A.  Check voltage.

The pump/motor will not run at all.   B.  Check wiring.
  C.  Remove the QD Pumptec from  the control box. Reconnect wires  in
        box to original s tate. If motor does not run the problem is  not 
        QD Pumptec.
        Bypass Pumptec by connecting L2 and motor lead with jumper.
        Motor should run. If not, the problem is  not Pumptec.
  D.  On Pumptec only, check that Pumptec is  ins talled between the control 
        switch and the motor.
  A.  Be sure you have a Franklin motor.

QD Pumptec or Pumptec will not   B.  Check wiring connections. On Pumptec is  lead power (230V or 115V)
trip when the pump breaks suction.         connected to correct term inal? Is  motor lead connected to correct

        term inal?
  C.  Check for ground fault in the motor and excess ive friction in the pump.
  D.  The well may be "gulping" enough water to keep QD Pumptec or 
        Pumptec from tripping. It may be necessary to adjus t the QD Pumptec
        or the Pumptec for these extreme applications. Call the Franklin Electric
        Service Hotline at 800-348-2420 for information.
  E.  On Pumptec applications does the control box have a run capacitor?
        If so, Pumptec will not trip. (Except for Franklin 1 1/2 HP motors)
  A.  Check for low voltage.

QD Pumptec or Pumptec   B.  Check for waterlogged tank. Rapid cycling for any reason can cause
chatters when running.         the QD Pumptec or the Pumptec relay to chatter.

  C.  On Pumptec make sure the L2 and motor wires  are ins talled correctly.
        If they are reversed, the unit can chatter.

Symptom Checks or Solution
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Subtrol-Plus - Trouble Shooting After Installation

Subtrol-Plus Dead   When the Subtrol-Plus reset button is depressed and released, all indicator lights should flash.

  If line voltage is correct at the Subtrol-Plus and the L1, L2, L3 terminals, and the reset button does not 

  cause lights to flash, Subtrol-Plus receiver is malfunctioning.

Green Off Time   The green light will flash and not allow operation unless both sensor coils are plugged into the 

Light Flashes   receiver. If both are properly connected and it still flashes, the sensor coil or the receiver is faulty.

  An ohmmeter check between the two center terminals of each sensor coil connected should read 

  less than 1 ohm, or coil is faulty. If both coils check good, receiver is faulty.

Green Off Time   The green light is on and the Subtrol-Plus requires the specified off time before the pump can be

Light On   restarted after having been turned off. If the green light is on except as described, the receiver is  

  faulty. Note that a power interruption when the motor is running will initiate the delay function. 

  This is a normal protective function which turns off the pump when the motor reaches maximum safe 

Overheat Light On   temperatures. Check that amps are within the nameplate maximum on all three lines, and that the

  motor has proper water flow past it. If overheat trip occurs without apparent motor overheating, it may  

  be the result of an arcing connection somewhere in the circuit or extreme noise interference on the 

  power lines. Check with the power company or Franklin Electric. A true motor overheat trip will 

  require at least five minutes for a motor started cold. If trips do not conform to this characteristic, 
  suspect arcing connections, power line noise, ground fault, or SCR variable speed control equipment.

  This is a normal protective function, protecting against an overload or locked pump. Check the amps 

  in all lines through a complete pumping cycle, and monitor whether low or unbalanced voltage may 

Overload Light On   be causing high amps at particular times. If overload trip occurs without high amps, it may be caused

  by a faulty rating insert, receiver, or sensor coil. Recheck that the insert rating matches the motor.

  If it is correct, carefully remove it from the receiver by alternately lifting sides with a knife blade or

  thin screwdriver, and make sure it has no pins bent over. If the insert is correct and its pins are okay,

  replace receiver and/or sensor coils.

Underload Light On   This is a normal protective function.

  A.  Make sure the rating insert is the correct for the motor.

  B.  Adjusting the underload setting as described to allow the desired range of operating conditions. 

        Note that a DECREASE in underload setting is required to allow loading without trip.

  C.  Check for drop in amps and delivery just before trip, indicating pump breaking suction, and for 

        unbalanced line current.

  D.  With the power turned off, recheck motor lead resistance to ground. A grounded lead can cause

        underload trip.

Possible Cause or SolutionSymptom
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Subtrol-Plus - Trouble Shooting After Installation (Continued)

Tripped Light On   Whenever the pump is off as a result of Subtrol-Plus protective function, the red tripped light is on.

  A steady light indicates the Subtrol-Plus will automatically allow the pump to restart as described, 

  and a flashing light indicates repeated trips, requiring manual reset before the pump can be restarted.

  Any other red light operation indicates a faulty receiver. One-half voltage on 460V will cause tripped

  light on.

Control Circuit   With power turned off, check for a shorted contactor coil or a grounded control circuit lead. The 

Fuse Blows   coil resistance should be at least 10 ohms and the circuit resistance to panel frame over 1 megohm.

  A standard or delay-type 2 amp fuse should be used.

  If proper voltage is at the control coil terminals when controls are operated to turn the pump on, but  

Contactor Will   the contactor does not close, turn off power and replace the coil. If there is no voltage at the coil,

Not Close   trace  the control circuit to determine if the fault is in the Subtrol-Plus receiver, fuse, wiring, or panel 

  operating switches. This tracing can be done by first connecting a voltmeter at the coil terminals, 

  and then moving the meter connections step by step along each circuit to the power source, to 

  determine at which component the voltage is lost.

  With the Subtrol-Plus receiver powered up, with all leads disconnected from the control terminals

  and with an ohmmeter set at R X 10, measure the resistance between the control terminals. It should

  measure 100 to 400 ohms. Depress and hold in the reset button. The resistance between the 

  control terminals should measure close to infinity. 

Contactor Hums   Check that coil voltage is within 10% of rated voltage. If voltage is correct and matches line voltage, 

or Chatters   turn off power and remove the contactor magnetic assembly and check for wear, corrosion, and dirt.

  If voltage is erratic or lower than line voltage trace the control circuit for faults similar to the previous  

  item, but looking for a major drop in voltage rather than its complete loss.

Contactor Opens   Check that the small interlocks switch on the side of the contactor closes when the contactor 

When Start Switch   closes. If the switch or circuit is open, the contactor will not stay closed when the selector switch 

is Released   is in HAND position.

Contactor Closes But   Turn off power. Check the contactor contacts for dirt, corrosion, and proper closing when the 

Motor Doesn't Run   contactor is closed by hand.

Signal Circuit   With the Subtrol-Plus receiver powered up and all leads disconnected from the Signal 

Terminals Do Not   terminals, with an ohmmeter set at R X 10, measure the resistance between the Signal 

Energize   terminals. Resistance should measure close to infinite. Depress and hold in the reset button,

  the resistance between the signal terminals should measure 100 to 400 ohms.

Symptom Possible Cause or Solution
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Franklin Electric
Bluffton, Indiana  46714

TOLL FREE HELP FROM A FRIEND
1-800-348-2420

M-1311

Phone Franklin's toll free SERVICE HOTLINE for answers to your installation questions 
on submersible pump motors. When you call, a Franklin expert will offer assistance in 
troubleshooting submersible systems and provide immediate answers to your motor 
application questions. Technical support is also available online. Visit our website at:

www.franklin-electric.com

1-219-827-5102 FAX
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General Electric 230/208 Volt Window/Wall Mount  
Heat & Cool Unit Specifications  

 



Total volume and shelf 
area are calculated by 
the Association of Home 
Appliance Manufacturers’ 
standards.

AJES09DCC 
GE® 230/208 Volt Window/Wall Mount Heat and Cool Unit
Wall Case Dimensions and Installation Information (in inches) 

Listed by 
Underwriters 
Laboratories

For answers to your Monogram,® GE Profile™ or  
GE® appliance questions, visit our website at 
ge.com or call GE Answer Center® service,  
800.626.2000.

Specification Created 1/07 390316

R

Parallel

Perpendicular

Wall Oulets
All wiring including installation of receptacle must be made in
accordance with local electrical codes and regulations.
Electrical outlet should be in reach of line cord.

Note:
Aluminum wiring may pose special problems – consult  a 
qualified electrician.

115V
15 Amp

230/208V
20 Amp

Tandem

Large Tandem

230/208V
15 Amp

230/208V
30 Amp

Premium, Deluxe and Value Model
Wall Case Dimensions (in inches)

Note:  When installing units in through-the-wall applications. 
Do not restrict air flow areas.

26

15-5/8

16-7/8

AJT08DG QSART

Note: When installing slide-out chassis units in through-the-wall 
applications, keep louvers free. Do not restrict air flow areas.

230/208V
20 Amp

Perpendicular



Total volume and shelf 
area are calculated by 
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Appliance Manufacturers’ 
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AJES09DCC 
GE® 230/208 Volt Window/Wall Mount Heat and Cool Unit
Wall Case Dimensions and Installation Information (in inches) 

Listed by 
Underwriters 
Laboratories

For answers to your Monogram,® GE Profile™ or  
GE® appliance questions, visit our website at 
ge.com or call GE Answer Center® service,  
800.626.2000.

Specification Created 1/07 390316

R

Installation Information:  A finished opening of 26-1/8" x 15-3/4" 
clear of intrusions is required. Keep clearance of 4" from side 
walls. Brick veneer or frame walls should have wood studding 
surrounding case to provide firm anchoring with screws. Case 
can be fastened directly to brick or block walls with screws sunk 
in lead expansion shields.

Note: Units should be caulked on all four sides of case to the 
building exterior to assure building integrity.

Two Wall Cases for Tenant Option Installation 
When the air conditioner is offered as a tenant option, these 
wall cases provide protection against outside elements.

RAB47 – includes wall case, exterior grille and steel  
closure panels.

RAB48 – includes wall case, exterior grille, steel closure panel 
and two layers of insulation.

Standard Wall Case RAB46 
Solid-sided wall case fabricated of galvanized steel with 
baked enamel finish. Welded areas are coated with a sealing 
compound to help resist rust and corrosion. Polymer gasket 
surrounds opening to assure tight weather seal. Aluminum grille 
(RAG13) is included. Panels on interior and between case and 
grille provide weather protection prior to installation of chassis.
Provide firm anchoring with screws. Case can be fastened 
directly to brick or block walls with screws sunk in lead  
expansion shields.

Built-in RAC Installation
(Pub. 1-G003 pg. 138) April 30.1993

Make frame if desired or caulk
between case and siding

15-3/4
26-1/8

Frame Construction

Brick Block and Brick
Frame Construction

Fill open cells
with mortar
or insulation

15-3/4
26-1/8

Lintel

Lintel

OUTSIDE INSIDE
16-7/8

Caulking

Drip Rail

Trim Molding
(if desired)

Plaster Line

Built-In Room Air Conditioners
Wall Opening for RAB36/37/38 Case
A finished opening of 26-1/8" x 15-3/4", clear of
intrusions, is required. Keep clearance of 4" from
side walls. Brick veneer or frame walls should have
wood studding surrounding case to provide firm
anchoring with screws. Case can be fastened directly
to brick or block walls with screws sunk in lead
expansion shields.

Flexible Mounting Position
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Total volume and shelf 
area are calculated by 
the Association of Home 
Appliance Manufacturers’ 
standards.

AJES09DCC 
GE® 230/208 Volt Window/Wall Mount Heat and Cool Unit

Listed by 
Underwriters 
Laboratories

For answers to your Monogram,® GE Profile™ or  
GE® appliance questions, visit our website at 
ge.com or call GE Answer Center® service,  
800.626.2000.

Specification Created 1/07 390316

R

Features and Benefits
• 8,900/8,700 BTU

• 11,600/9,480 BTU heat

• 3,670/3,010 Watts heat

• 9.5/9.5 EER

• 230/208 Volts

• Mechanical controls

• Variable position thermostat

• Four-way air direction

• Up-front, washable air filter

• 2 cool/2 heat/2 fan only speeds

• Model AJES09DCC – Soft Gray
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Cool Only: AJCH 08, 10 ACC*
AJCH 10, 12 DCC*
AJCQ 06 LCC*
AJCQ 08, 10, 12 ACC*
AJCQ 10, 12 DCC*
AJCS 06 LCC*
AJCS 08, 10 ACC*
AJCS 09, 10, 12 DCC*

Heat/Cool: AJEH 12 DCC
AJES 06 LSC
AJES 08 ASC
AJES 09, 10, 12 DCC
AJES 10 DSC

Heat Pump: AJHS 08 ASC*
AJHS 08, 10 DCC*

Write the model and serial 
numbers here:

Model # ____________________

Serial # ______________________
Find these numbers on a label on
the front of the base pan behind
the front grille.
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ge.com
R
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TINSEA518JBRZ 49-7572     03-07 JR   

Safety Instructions  . . . . . . . . . 2, 3

Operating Instructions
Controls—Control Knobs  . . . . 8, 9
Controls—Touch Pads  . . . . . . .4–6

Care and Cleaning
Air Filter  . . . . . . . . . . . . . . . . . . . 11
Front Grille  . . . . . . . . . . . . . . . . .10
Grille and Case  . . . . . . . . . . . . . . 10
Outdoor Coils  . . . . . . . . . . . . . . . 10

Installation Instructions
Before You Begin . . . . . . . . . .12, 13
Installing a J-Model in 
an Existing Wall Case  . . . . . . . . .14
Through-the-Wall 
Installation—Optional  . . . . . . . . 15
Window Installation—
Optional on models 
so equipped . . . . . . . . . . . . . . 16–21

Troubleshooting Tips  . . . . . . . . 22
Normal Operating Sounds  . . . . 22

Consumer Support
Consumer Support  . . . Back Cover
Warranty  . . . . . . . . . . . . . . . . . . . 23

Owner’s Manual and
Installation Instructions

Español
For a Spanish version of this manual, visit
our Website at ge.com.

Para consultar una version en español de
este manual de instrucciones, visite nuestro
sitio de internet ge.com.

Française
For a French version of this manual, visit
our Website at www.electromenagersge.ca

Pour une version française de ce manuel
d’utilisation, veuillez visiter notre site web 
à l’adresse www.electromenagersge.ca

As an ENERGY STAR® partner, GE has
determined that this product meets the
ENERGY STAR® guidelines for energy
efficiency.

*ENERGY STAR® labeled product
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IMPORTANT SAFETY INFORMATION.
READ ALL INSTRUCTIONS BEFORE USING.

WARNING!
For your safety, the information in this manual must be followed to minimize the risk of fire, electric
shock or personal injury.

� Use this appliance only for its intended
purpose as described in this Owner’s
Manual. 

� This air conditioner must be properly
installed in accordance with the
Installation Instructions before it is used. 

� Never unplug your air conditioner by
pulling on the power cord. Always grip 
plug firmly and pull straight out from the
receptacle. 

� Replace immediately all electric service
cords that have become frayed or
otherwise damaged. A damaged power
supply cord must be replaced with a new
power supply cord obtained from the
manufacturer and not repaired. Do not
use a cord that shows cracks or abrasion
damage along its length or at either the
plug or connector end.

� Turn the mode control OFF and unplug 
your air conditioner before making any
repairs or cleaning. 

NOTE: We strongly recommend that any servicing
be performed by a qualified individual.

� For your safety…do not store or use
combustible materials, gasoline or other
flammable vapors or liquids in the vicinity 
of this or any other appliance.

� All air conditioners contain refrigerants,
which under federal law must be removed
prior to product disposal. If you are getting
rid of an old product with refrigerants,
check with the company handling disposal
about what to do.

SAFETY PRECAUTIONS

Do not, under any circumstances, cut or remove
the third (ground) prong from the power cord. 
For personal safety, this appliance must be
properly grounded.

The power cord of this appliance is equipped
with a 3-prong (grounding) plug which
mates with a standard 3-prong (grounding)
wall outlet to minimize the possibility of
electric shock hazard from this appliance.

Power cord may include a current
interrupter device. A test and reset button is
provided on the plug case. The device should
be tested on a periodic basis by first pressing
the TEST button and then the RESET button.
If the TEST button does not trip or if the
RESET button will not stay engaged,
discontinue use of the air conditioner 
and contact a qualified service technician.

Have the wall outlet and circuit checked
by a qualified electrician to make sure the
outlet is properly grounded.

Where a 2-prong wall outlet is encountered, 
it is your personal responsibility and
obligation to have it replaced with a properly
grounded 3-prong wall outlet.
The air conditioner should always be plugged
into its own individual electrical outlet which
has a voltage rating that matches the rating
plate.

This provides the best performance and also
prevents overloading house wiring circuits
which could cause a fire hazard from
overheated wires.

See the Installation Instructions, Electrical
Requirements section for specific electrical
connection requirements. 

HOW TO CONNECT ELECTRICITY
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WARNING!

Because of potential safety hazards under
certain conditions, we strongly recommend
against the use of an extension cord. 

However, if you must use an extension cord, 
it is absolutely necessary that it be a UL-listed,
14 gauge, 3-wire grounding type appliance
extension cord having a grounding type plug
and outlet and that the electrical rating of
the cord be 15 amperes (minimum) and 
125 volts. 

CAUTION:
DO NOT use an extension cord with any of the
230/208 volt models.

USE OF EXTENSION CORDS—115-Volt models only

Because of potential safety hazards under
certain conditions, we strongly recommend
against the use of an adapter plug. 

However, if you must use an adapter, where
local codes permit, a temporary connection
may be made to a properly grounded 
2-prong wall outlet by use of a UL-listed
adapter available at most local hardware
stores.

The larger slot in the adapter must be
aligned with the larger slot in the wall 
outlet to provide proper polarity in the
connection of the power cord.

When disconnecting the power cord from
the adapter, always hold the adapter in place
with one hand while pulling the power cord
plug with the other hand. If this is not done,
the adapter ground terminal is very likely to
break with repeated use.

If the adapter ground terminal breaks, 
DO NOT USE the air conditioner until a
proper ground has been established.

Attaching the adapter ground terminal to a wall
outlet cover screw does not ground the appliance
unless the cover screw is metal, not insulated, and
the wall outlet is grounded through the house wiring.
You should have the circuit checked by a qualified
electrician to make sure the outlet is properly
grounded.

USE OF ADAPTER PLUGS—115-Volt models only

READ AND FOLLOW THIS SAFETY INFORMATION CAREFULLY.
SAVE THESE INSTRUCTIONS
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� To ensure proper operation, aim the 
remote control at the signal receiver 
on the air conditioner.

� The remote control signal has a range of 
up to 21 feet.

� Make sure nothing is between the air
conditioner and the remote control that
could block the signal.

� Make sure batteries are fresh and installed
correctly—see the Care and Cleaning section.

Air Conditioner Controls

ON/STOP
Turns air conditioner on and off.

Display

MODE
On the remote control, use to set the air
conditioner to COOL or FAN mode.

On the air conditioner controls, use to set
COOL or FAN mode at HIGH, MED or LOW
fan speed. Indicator lights on the air
conditioner controls will show the mode
and fan speed selected. 

TEMP Increase � /Decrease � Pads
Use to set temperature when in COOL
mode.

Fan Speeds (Remote control only)
Use to set the fan speed at LOW, MED or
HIGH.

TIMER
ON—When the air conditioner is off, it
can be set to automatically turn on in half
an hour to 24 hours at its previous setting.
Each touch will set the time in half hours
up to 10 and then in hours up to 24.

To cancel (CL) the On Timer press the
ON pad again.

OFF—When the air conditioner is on, it
can be set to automatically turn off in half
an hour to 24 hours. Each touch will set
the time in half hours up to 10 and then
in hours up to 24.

To cancel (CL) the Off Timer press the
OFF pad again.

To cancel the timer, press the ON or OFF
pads until the display time disappears.

SLEEP
Press to set the air conditioner to run for 
8 hours before it automatically returns to
the previous setting.

When the sleep timer is set, the set
temperature will automatically increase
2°F after the second hour then 1°F each
hour over the next two hours.

To cancel the sleep mode, press the MODE
pad or the SLEEP pad a second time.

Remote Control Signal Receiver

Remote Control

On

Timer 
On 

About the controls on the air conditioner—models with touch pads.
Appearance may vary.

Remote Control

Timer 
Off 

Sleep 

Cool

Fan

High

Med

Low

Lights beside the touch pads on the air conditioner 
control panel indicate the selected settings.

When the air conditioner is turned on, it will
automatically start in the setting last used.Controls



Vent Control
The vent control is located behind the front grille on
the right side of the air discharge area. When set at
CLOSE, only the air inside the room will be circulated
and conditioned. When set at OPEN, some inside air is
exhausted outside.

To open or close the vent:
1. Remove the front grille.
2. Remove the vent card screw.
3. Remove vent card, turn it over and replace it by

locating rear hole in card over locating pin inside air
discharge and reattaching screw at front. 

Horizontal louvers 
on the front grille let
you control the air
direction up and
down. 

Remove the front
grille to adjust the
vertical louvers 
side-to-side to 
direct the air 
left or right.

Safety Instructions
Operating Instructions

Care and Cleaning
Installation Instructions

Troubleshooting Tips
Consum

er Support
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Air Direction

Locating hole

ge.com

COOL MODE
Remote Control

1. Press COOL pad.

2. Press LOW, MED or HI pads to set desired fan speed.

3. Press the INCREASE � / DECREASE � pads to set the
desired temperature 60°F to 85°F in 1°F increments.

Control Panel

1. Press the MODE pad until the COOL indicator light is
lit and the LOW, MED or HI indicator light is lit for
the desired fan speed.

2. Press the INCREASE � / DECREASE � pads to set the
desired temperature 60°F to 85°F in 1°F increments.

A thermostat is used to maintain the room
temperature. The compressor will cycle on and off 
to keep the room at the set level of comfort. Set the
thermostat at a lower number and the indoor air will

become cooler. Set the thermostat at a higher number
and the indoor air will become warmer.

NOTE: If the air conditioner is off and is then turned on
while set to COOL, it will take approximately 3 minutes for
the compressor to start and cooling to begin.

Cooling Descriptions

For Normal Cooling—Select the COOL mode and 
HIGH or MED fan with a middle set temperature.

For Maximum Cooling—Select the COOL mode 
and HIGH fan with a lower set temperature.

For Quieter & Nighttime Cooling—Select the COOL mode
and LOW fan with a middle set temperature.

NOTE: If you switch from a COOL setting to OFF or to 
a fan setting, wait at least 3 minutes before switching back
to a COOL setting.

FAN MODE
Use the FAN mode to provide air circulation and
filtering without cooling. Since fan only settings do not
provide cooling, a temperature setting will not be
displayed.

Remote Control

Press FAN pad. Press LOW, MED or HI pads to set
desired fan speed.

Control Panel

Press the MODE pad until the FAN indicator light is lit
and the LOW, MED or HI indicator light is lit for the
desired fan speed.

Fan Switch
The fan switch is located behind the front grille on the
control box. Access through a hole in control box.

When set at CYCLE (down) the fan cycles on and off.

When set at CONT (continuous, up) the fan runs all the
time providing a more balanced temperature. The unit
is shipped in the CONT setting.

Screw hole

OPEN position 
(Mesh end toward back)

CLOSE position 
(Mesh end toward front)

Locating hole

Screw hole

The unit leaves the factory set at the CLOSE position.
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Auxiliary Controls – Temperature Limiting
To reach the auxiliary controls remove the front
grille. Access them through the small rectangular
opening above the control panel.

Temperature limiting can reduce energy 
costs by limiting the lowest temperature that 
can be set for cooling. Temperature limiting is
controlled by switches 1–3 of auxiliary controls. 

Temperature limiting during COOL mode
(all temperatures shown in °F)

UP DOWN Minimum Maximum
NONE 1, 2, 3 60° 85°

1 2, 3 64° 85°
1, 2 3 66° 85°

2 1, 3 68° 85°
2,3 1 70° 85°

1, 2, 3 NONE 72° 85°
1, 3 2 74° 85°

3 1, 2 76° 85°

1 32 4

UP

DOWN

TL1 (C) (Temp. Limit 1 – Cool)
TL2 (C) (Temp. Limit 2 – Cool)
TL3 (C) (Temp. Limit 3 – Cool)

No function (reserved
for future use)
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Controls
Mode Control
HIGH COOL and LOW COOL provide cooling
with different fan speeds.

HIGH HEAT and LOW HEAT provide heating
with different fan speeds.

LOW FAN or HIGH FAN provides air
circulation and filtering without cooling 
or heating.

NOTE: If you move the switch from a cool or heat
setting to OFF or to a fan setting, wait at least 
3 minutes before switching back to a cool or heat
setting. A 3-minute delay is automatically provided
on the Heat/Cool and Heat Pump models.

Cooling/Heating Descriptions
For Normal Cooling or Heating—Select
HIGH COOL or HIGH HEAT with the
thermostat at mid point.

For Maximum Cooling—Select HIGH COOL
with the thermostat at maximum cool.

For Maximum Heating—Select HIGH HEAT
with the thermostat at maximum heat.

For Quieter & Nighttime Cooling—Select
LOW COOL with the thermostat at mid
point.

Temp Control
The temp control is used to maintain the
room temperature. The compressor will
cycle on and off to keep the room at the
same level of comfort. When you turn 
the knob to COOLER (blue) the indoor air
will become cooler. Turn the knob to
WARMER (red) and the indoor air will
become warmer.

Heat Pump Models
When the outdoor temperature is lower
than 25°F., heat is provided by the electric
heater in the air conditioner instead of by
the heat pump.

NOTE: The electric resistance heater in the 115-volt
heat pump model operates during defrost when the
outdoor coil temperature is below 36°F. It is not
intended to provide full heat capability.

MODE CONTROL TEMP CONTROL

OFF

LOW
FAN

HIGH
FAN

HIGH
HEAT

HIGH
COOL

LOW
COOL

LOW
HEAT

W
A

R
M

E R C OO
L E

R

OFF

LOW
FAN

HIGH
FAN

HIGH
COOL

LOW
COOL

CO
O

L E
R

About the controls on the air conditioner—models with control knobs.



Horizontal louvers
on the front grille
let you control the
air direction up
and down. 

Remove the front
grille to adjust the
vertical louvers
side-to-side to
direct the air left 
or right. 9

Temperature Limiting
Limiting the maximum and minimum settings
prevents users from turning the control to the
extreme heat or cool positions.

The normal range of the temp control is
approximately 60°F to 85°F. The control range
may be narrowed by the use of the temperature
limiting screws located behind the control panel. 

Each position equals approximately 3°F.

Air Direction

Fan Switch
To reach the fan switch(es) remove the 
front grille.

On Heat/Cool and Heat Pump models, the fan switch
levers are located in holes accessed through the
control box. The top switch is for COOL settings
and the bottom switch is for HEAT settings. 
Use a small screwdriver to change the setting.
The unit is shipped from the factory set in the
CONT setting for COOL and in the CYCLE setting
for HEAT. 

Cool only models have a rocker switch on the 
front of the control box. 

When set at CYCLE (down) the fan cycles on and
off when cooling. When set at CONT (continuous,
up) the fan runs all the time, providing a more
balanced temperature. The unit is shipped in 
the CONT setting.

ge.com

Limits
heat

temp

Limits
cool
temp

Safety Instructions
Operating Instructions

Care and Cleaning
Installation Instructions

Troubleshooting Tips
Consum

er Support

Vent Control
The vent control is located behind the front 
grille on the right side of the air discharge area.
When set at CLOSE, only the air inside the room
will be circulated and conditioned. When set at
OPEN, some inside air is exhausted outside.

To open or close the vent:
1. Remove the front grille.
2. Remove the vent card screw.
3. Remove vent card, turn it over and replace 

it by locating rear hole in card over locating
pin inside air discharge and reattaching 
screw at front. 

Locating hole

Screw hole

OPEN position 
(Mesh end toward back)

CLOSE position 
(Mesh end toward front)

Locating hole

Screw hole

The unit leaves the factory set at the CLOSE position.

(Depending on model)

or
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The front grille can be removed for more
thorough cleaning or to make the model and
serial numbers accessible.

To remove:

1. Pull the filter out.
2. Remove the two grille screws.

3. Pull the grille out from the bottom and lift up
from the tabs on the top of the case.

To replace:

Hook the tabs on the front grille even with the
tabs on the case and snap into place.

Replace the screws and filter.

Front Grille

Outdoor Coils
The coils on the outdoor side of the air
conditioner should be checked regularly. 
If they are clogged with dirt or soot they may be
professionally steam cleaned, a service available
through your GE service outlet.

Grille and Case
Turn the air conditioner off and remove the
plug from the wall outlet before cleaning. 

To clean, use water and a mild detergent. 
Do not use bleach or abrasives.

Grille

Tab

Grille

Tab

On some models

On some models

Care and cleaning of the air conditioner.



How to Insert the Batteries
Remove the battery cover by sliding it
according to the arrow direction.

Insert new batteries making sure that the 
(+) and (–) of battery are installed correctly.

Reattach the cover by sliding it back 
into position.

NOTES:

� Use 2 AAA (1.5 volt) batteries. Do not use
rechargeable batteries.

� Remove the batteries from the remote control 
if the system is not going to be used for a long
time.3

2

1

11

ge.com
Safety Instructions

Operating Instructions
Care and Cleaning

Installation Instructions
Troubleshooting Tips

Consum
er Support

To maintain optimum performance, clean the filter at least every 30 days.

Air Filter

Turn the air conditioner off before cleaning.

The most important thing you can do to
maintain the air conditioner is to clean the filter
at least every 30 days. A clogged filter reduces
cooling, heating and air flow.

Keeping the air filter clean will:

� Decrease cost of operation.

� Save energy.

� Prevent clogged heat exchanger coils.

� Reduce the risk of premature component
failure.

To clean the air filters:

� Vacuum off the heavy soil.

� Run water through the filters.

� Dry thoroughly before replacing.

To remove the air filter, on some models:

Carefully pull the tab forward, up and out.

To remove the air filter, on other models:

Pull it down.

To replace the air filter:

Replace the clean filter by pushing it back 
into place.

CAUTION: Do not operate the air
conditioner without the filter in place. If a filter
becomes torn or damaged it should be replaced
immediately. 
Operating without the filter in place or with a
damaged filter will allow dirt and dust to reach
the indoor coil and reduce the cooling, heating,
airflow and efficiency of the unit.

Replacement filters are available from your
salesperson, GE dealer, GE Service and Parts
Center or authorized Customer Care® servicers.

Dirty filter—Needs cleaning Clogged filter—Greatly
reduces cooling, heating
and airflow.

FRONTFRONT



ELECTRICAL REQUIREMENTS

Some models require a 115/120-volt a.c.,
60 Hz grounded outlet protected with a 
15-amp time delay fuse or circuit breaker.

The 3-prong grounding plug minimizes the possibility
of electric shock hazard. If the wall outlet you plan to
use is only a 2-prong outlet, it is your responsibility 
to have it replaced with a properly grounded 3-prong
wall outlet.

Some models require 230/208-volt a.c.,
protected with a time delay fuse or circuit
breaker. These models should be installed 
on their own single branch circuit for best
performance and to prevent overloading 
house or apartment wiring circuits, which 
could cause a possible fire hazard from
overheating wires.

BEFORE YOU BEGIN

Read these instructions completely and
carefully.

• IMPORTANT — Save these instructions
for local inspector’s use.

• IMPORTANT — Observe all governing
codes and ordinances.

• Note to Installer – Be sure to leave these
instructions with the Consumer.

• Note to Consumer – Keep these instructions for
future reference.

• Skill level – Installation of this appliance requires
basic mechanical skills.

• Completion time – Approximately 1 hour
• We recommend that two people install this

product.
• Proper installation is the responsibility of the

installer.
• Product failure due to improper installation 

is not covered under the Warranty.

Questions? Call 800.GE.CARES (800.432.2737) or Visit our Website at: ge.com

Installation Air Conditioner
Instructions

12

CAUTION:
Do not, under any circumstances, cut or remove 
the third (ground) prong from the power cord.

Do not change the plug on the power cord 
of this air conditioner.

Aluminum house wiring may present special
problems—consult a qualified electrician.

IMPORTANT!
GE strongly recommends the removal of the old
wall case and the installation of a new GE Wall
Case. If you decide to keep the existing wall case,
you may need a kit to ensure proper performance. 
If you DO NOT use a kit, you run the risk of poor
performance or product failure. This is not covered
under the terms of the GE warranty.

J-MODEL QUALIFYING QUESTIONS

J-model air conditioners may fit in existing wall cases.
However, they often need a kit to properly adapt the
case to the GE air conditioner. Answer these questions
and see the chart on the next page for the proper kit.

What brand air conditioner will you be replacing?

What are the dimensions of the wall case
currently in use?

What is the model number of the chassis 
currently in use? What is the model (or Type)
number of the wall case currently in use?

Frequently, the J-model adapter kit will apply to
another brand model “series” or specific vintage.
In these cases, you need the chassis model 
number and/or the wall case or “type” number 
to confirm the use of the correct adapter kit.
What type of outdoor grille is used with the
current wall case?

There may be an architectural grille attached to 
a wall case to enhance the exterior appearance 
of the building. Custom grilles may be used with 
J-model wall cases provided a J-model adapter 
kit is also used to ensure proper airflow.

D

C

B

A



TOOLS YOU MAY NEED
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GE KIT NUMBERS

Power cord may include a current interrupter 
device. A test and reset button is provided on the
plug case. The device should be tested on a
periodic basis by first pressing the TEST button 

and then the RESET button. If the TEST button
does not trip or if the RESET button will not stay
engaged, discontinue use of the air conditioner
and contact a qualified service technician.

Installation Instructions

USE GE
KIT NUMBER: FOR: DESCRIPTION:

RAK56A100 GE RAB13, 14 & 15 Fits all GE wall cases 26″W x 18″H x 24″D
(ACLB & RCL Chassis)

RAK1072 Hotpoint ACXB10 & 11 Adapts an older Hotpoint wall case to a “J” 
(ACTB Chassis) model chassis. Fits Hotpoint wall cases 

253⁄4″W x 167⁄8″H x 185⁄8″D
RAK1082 Whirlpool Type 23W Adapts Whirlpool wall case to a “J” 

Wall Case model chassis. Fits Whirlpool wall 
cases 257⁄8″W x 161⁄2″H x 231⁄8″D

RAK1102 GE RAB30 Adapts GE wall case to a “J” model chassis.
(“F” models) Fits the RAB 30 wall case 26″W x 18″H x 24″D

RAK123A64 Fedders Wall Case “A” Adapts Fedders wall case to a “J” model chassis.
Fits Fedders wall cases 27″W x 163⁄4″H x 163⁄4″D

RAK126 Westinghouse Wall Case Adapts Westinghouse wall case to a “J” 
(Type 2626D73H01) model chassis. Fits Westinghouse wall 

cases 257⁄8″W x 157⁄16″H x 16″D
RAB46, 47 & 48 Use these kits for all Standard wall case for “J” model chassis.

other brands not listed. RAG13 stamped aluminum exterior grille 
included. Remove the existing case 
and replace.

RAK690 RAB36, 37, 38, 46, 47 or 48 If you attach a custom architectural outdoor 
(J-Chassis) grille, use this kit to ensure proper airflow. 

RAG13 RAB36, 37, 38, 46, 47 or 48 Standard aluminum exterior grille (included with RAB46, 47, and 48 wall 
(J-Chassis) cases)

RAG14E RAB36, 37, 38, 46, 47 or 48 Architectural louvered exterior grille
(J-Chassis)

Adjustable Wrench Level

Phillips head 
screwdriver

Hand or Saber Saw

Drill

Pencil

Ruler or Tape
Measure

Scissors or knife

Read these instructions completely and carefully.



REMOVE ALL SHIPPING PADS 
(IF PRESENT) INSIDE AIR
CONDITIONER NEXT TO
COMPRESSOR

Installation Instructions

REMOVE LOCKING PLATE ON
FRONT LEFT SIDE

1 REINSTALL LOCKING PLATE WITH
TAB BEHIND WALL CASE FLANGE.
TIGHTEN SCREW

Locking
plate

Remove
screw

INSTALLING A J-MODEL IN AN EXISTING WALL CASE
Read these instructions completely and carefully.

Remove
shipping
pads (if
present)

CAREFULLY SLIDE AIR
CONDITIONER BACK INTO CASE
Make sure that the tubing on the unit does 
not touch the wall case and that the case
installation is secure.

2

3

14

ATTACH FRONT GRILLE
An opening for the power cord is on the
bottom of the front grille.

ATTACH POWER CORD TO BASE
PAN WITH CLAMP

Clamp

Power
cord

Base pan

4

5

6
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Installation Instructions

PREPARE OPENING IN WALL
Make certain a wall receptacle is 
available close to the hole location or make
arrangements to install a receptacle.
The cord length for the 115-volt models is 72″
to the right and 47″ to the left. 
For the 230/208-volt models the cord length is
65″ to the right and 39″ to the left.

1

INSTALLING THROUGH THE WALL
Read these instructions completely and carefully.

SUPPORT REQUIREMENTS FOR
AIR CONDITIONER
The air conditioner wall case may be installed
with 1/4″ min. extension out from the inside
wall or with 1/4″ min. extension out from the 
outside wall.
The finished sides of the opening should be
structural wall members.
Lintel – Use a lintel in brick veneer and brick
and block types of wall to support the bricks 
or blocks above the opening. Do not allow the
wall case to be used in lieu of a lintel.
Flashing – Install flashing (drip rail) as shown 
to prevent water from dripping inside the wall
and down the outside of the building.

2

Trim
molding
(if desired)

Plaster
line

Caulking
(above &
below
the
flashing)

Flashing
(drip rail)

1/4″ min. extension
inside the wall from

the trim molding

Room side

Brick veneer

Lintel angle
(if required)

Caulking 
(on all 4

sides on the
outside of
the case)

SUPPORT REQUIREMENTS FOR
AIR CONDITIONER
Mortar between the case and the brick all
around the case may be undercut at about 45°
for improved caulking.

3

Caulking

Top of case

Inside

Outside

Undercut
mortar
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WINDOW INSTALLATION—OPTIONAL
FOR MODELS AJES06LSC, AJES08ASC, AJES10DSC and AJHS08ASC

Read these instructions completely and carefully.

Air conditioner

Type C (painted) (6)
Type D (2)

Type E (4)

Large washer (2)

Adjusting bolt (2)

Lock nut (2)

Spacer (2)

Support bracket hardware

Type A (9)

Type B (2)

Sill support
bracket (2)

2 angles
(left and

right hand)

Case side
gasket (2)

Spring
clip (4)

Window
locking
bracket

Vinyl window
gasket

Bottom window gasket

Filler
Panels
Cut panels
and
discard
center
piece

Case top gasket

Foam top 
window gasket

B

Right
side

A

Left side

(h
ol

es
 a

re
 o

n 
th

e 
le

ft
) (holes are on the right)

WINDOW REQUIREMENTS
• These instructions are for a standard double-hung

window. You will need to modify them for other
types of windows.

• The air conditioner can be installed without the
accordion panels if needed to fit in a narrow
window. See the window opening dimensions 
to the right.

• All supporting parts must be secured to firm wood,
masonry or metal.

• The electrical outlet must be within reach of the
power cord.

1

Window opening dimensions are for a 
standard double-hung window.

17″ min.

31″ to 43″
(With filler panels)

261⁄4″ min.
(Without filler panels)



REMOVE AIR CONDITIONER FROM CASE
Remove the front grille. See the Care and
Cleaning section.
Find the locking plate located on the front
left side.

Remove the screw and the locking plate to
unlock the air conditioner.

Remove and discard the shipping screw 
on the back of the air conditioner to allow
removal of the air conditioner from the
case.

Pull the bottom corners of the air
conditioner and slide it out of the case.

Remove all shipping pads (if present) inside the
air conditioner next to the compressor.

Remove the rear grille that is taped to the back
of the case. Remove the packet of screws taped
to the back of the grille. While holding the grille
at a 45° angle, insert it into the clips at the top of
the case and push the bottom in. Keep slight
upward pressure on the grille until it fits flush
with the bottom of the case.

17

STORM WINDOW REQUIREMENTS
A storm window frame will not allow the air
conditioner to tilt towards the outside and will
keep it from draining properly. To adjust for this,
attach a piece of wood to the stool.

WOOD PIECES:

WIDTH: 2″
LENGTH: Long enough to fit inside the window
frame.
THICKNESS: To determine the thickness, place a
piece of wood on the stool to make it 1/2″ higher
than the top of the storm window frame.
Attach securely with nails or screws provided by 
the installer.

2

1/2″ higher
than

frame

Storm
window

frame

Wood

Stool
Sill

3

A

B

C

Locking
plate

Remove
screw

D

Remove
screw

E

F

If attaching the grille
from the outside of
the case use the 2
long screws.

If attaching the grille
on the inside of the
case use the 2 short
screws. 

G

Clips

Insert the 2 long screws on
the outside

Insert the 2 short screws
on the inside

Installation Instructions

Remove
shipping pads
(if present)
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INSTALL SILL SUPPORTS
Assemble the sill supports. Do not fully
tighten the spacer mounting screws at this
time.

Before attaching the sill supports, place
them on the window stool. Select the spacer
position that will place the spacer near the
outermost point on the sill. Tighten the
spacer mounting screws.

Turn the bolts and tighten the lock nuts to make
the sill supports level or tilt down 1/8″ to the
outside. Line up the “V” notch with 123⁄8″ marks.
Drill pilot holes and attach the sill supports. 

NOTES: 

• On narrow sills, there may not be enough room to
use the lock nut.

• A deep offset sill may require a longer adjusting
bolt than the standard hex head bolt provided.

• On wood sills use the large washer between the
bolt head and the sill. This prevents the bolt from
digging into the wood.

PREPARE WINDOW
Mark the centerline of the stool. Measure
from the centerline 133⁄8″ on both sides for
the panel cuts.

Measure 123⁄8″ from the centerline on both sides
for the sill support brackets.

4

A B

WINDOW INSTALLATION—OPTIONAL (cont.)

Stool

Sill

133⁄8″

Centerline

5

A

B

C

Sill support

Average sill

Narrow sill

Offset sill (such as brick or stone)

Spacer

Spacer

Type B

Type E

Spacer mounting
screws Type (A)

Lock nut

Sill
support

Adjusting bolt

Large washer
(For use with wood

sills)

Stool

Sill
support

“V” notch

Screws are in position

Sill Bolt

Stool

Sill

Outside Outside

Inside Inside

133⁄8″ 123⁄8″ 123⁄8″

Centerline
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MEASURE, CUT AND INSTALL
FILLER PANELS

Measure from the edge of the panel marks
(see Prepare the Window) to the inside of
the window track on each side. (A and B)

Mark the A and B measurements on each
side of the filler panel board. Cut the panels
and discard the center piece. Note position
of the notches.

Put together the panel assemblies. Remove
the paper backing from the case side gasket
and attach it to the angle. Push a pencil point
through the gaskets to locate the holes in 
the angles.

Install the panels in the window. Place the spring
clips 3″ from the top and the bottom. Squeeze
and push the clips to fit in the window track and
the tab into the sill support.

6

A

B

C

D

Sill

A

Window track

Width of the air
conditioner 

(panel marks)Left side

B

Right side

133⁄8″ 133⁄8″

Filler
Panels

Cut
panels

and
discard
center
piece

B

Right
side

A

Left
side

(h
ol

es
 a

re
 o

n 
th

e 
le

ft
)

(holes are on the right)

Gasket

Gasket

Angle

Panel

Tab

Type C
(painted
screws)

Angle

Hook the tab into
the sill support

3″



INSTALL CASE IN WINDOW
Peel off the backing from the bottom 
window gasket.

Place the gasket on the stool and over the
brackets, even with the rear edge, sticky 
side down.

Carefully slide the empty case into the
window until the holes in the case line up
with the holes in the panel angles.

NOTES: 

• The case should have a 1/8″ minimum tilt
toward the outside.

• Be sure the seal gasket and panel gaskets
remain in position and do not roll with the
case.

Lower the window so it fits behind the panel
tabs. Insert the 4 type A screws through the
holes in the case and into the panel angles, 
2 on each side.

With the window closed, mark where the
window sash meets the case.

Peel off the backing from the case top gasket.

Hold on to the case, open the window, and 
place the gasket along the mark on the case.

Place the vinyl window gasket over the case top
gasket. Insert the panel tabs through the slits in
the gasket. Cut the gasket on each side to the
width of the window.

Close the window tightly on the vinyl gasket.
Bend the gasket forward to expose the panel
tabs. Drill pilot holes into the window sash.

Installation Instructions

20

WINDOW INSTALLATION—OPTIONAL (cont.)

7

A

B

C

D

E

F

G

H

I

Bottom window gasket

Case holes

Panel
tabs

Case
screws

Put the gasket
on top of the
case where
the window
will close.

Panel
tab

Vinyl window
gasket

Attach the panel tab
to the window on
each side with a type
D screw.
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REPLACE AIR CONDITIONER 
IN CASE

Carefully slide the air conditioner back into
the case.

Attach the power cord to the base pan with 
the clamp. 

Reinstall the locking plate with the tab behind 
the wall case flange. Tighten the screw.

Reattach the front grille. An opening for the
power cord is on the bottom of the front grille.

Fill holes and cracks with caulking provided by
the installer.

INSTALL WINDOW GASKET AND
LOCKING BRACKET

Cut the foam top window gasket to the
window width.

Stuff the foam between the glass and the
window to prevent air and insects from
getting into the room.

Attach the window locking bracket  with 1 type E
screw.

8

A

B

9

A

B

C

C

D

E

Clamp

Power cord

Base pan

Locking
plate

Tighten
screw
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Before you call for service…
Troubleshooting Tips: Save time and money! Review the chart below first and you may not need to call for service.

Normal Operating Sounds
� You may hear a pinging noise caused by water being

picked up and thrown against the condenser on
rainy days or when the humidity is high. This 
design feature helps remove moisture and 
improve efficiency.

� You may hear the thermostat click when the
compressor cycles on and off.

� Water will collect in the base pan during high
humidity or on rainy days. The water may overflow
and drip from the outdoor side of the unit.

� The fan may run even when the compressor 
does not.

Problem Possible Causes What To Do

Air conditioner The air conditioner • Make sure the air conditioner plug is pushed
does not start is unplugged. completely into the outlet.

The fuse is blown/circuit • Check the house fuse/circuit breaker box and 
breaker is tripped. replace the fuse or reset the breaker.

Power failure. • If power failure occurs, turn the air conditioner 
OFF. When power is restored, wait 3 minutes to 
restart the air conditioner to prevent tripping of 
the compressor overload.

The current interrupter • Press the RESET button located on the power cord plug.
device is tripped. • If the RESET button will not stay engaged, discontinue use 

of the air conditioner and contact a qualified service 
technician.

Air conditioner does Airflow is restricted. • Make sure there are no curtains, blinds or furniture
not cool as it should blocking the front of the air conditioner.

The temp control may • On models with touch pads: In COOL mode, press the 
not be set correctly. DECREASE � pad. 

• On models with control knobs, turn the temperature 
knob to a higher number. 

The air filter is dirty. • Clean the filter at least every 30 days.
See the Operating Instructions section.

The room may have been hot. • When the air conditioner is first turned on, you need 
to allow time for the room to cool down.

Cold air is escaping. • Check for open furnace registers and cold air returns.
• Set the air conditioner’s vent to the closed position.

Cooling coils have iced up. • See “Air conditioner freezing up” below.

Air conditioner Ice blocks the airflow • On models with control knobs, set the mode control 
freezing up and stops the air conditioner at HIGH FAN or HIGH COOL with the temp at WARMER.

from cooling the room. • On models with touch pads, set the controls at HIGH FAN or 
HIGH COOL and set the thermostat to a higher temperature.

The remote control is The batteries are inserted • Check the position of the batteries. They should be 
not working incorrectly. inserted correctly.

The batteries may be dead. • Replace the batteries.

Water drips outside Hot, humid weather. • This is normal.

Water drips indoors The air conditioner is not • For proper water disposal, make sure the air conditioner 
tilted to the outside. slants slightly from the case front to the rear.

Water collects in Moisture removed from air • This is normal for a short period in areas with little
base pan and drains into base pan. humidity; normal for a longer period in very humid areas.



This warranty is extended to the original purchaser and any succeeding owner for products purchased for
home use within the USA and Canada. If the product is located in an area where service by a GE Authorized
Servicer is not available, you may be responsible for a trip charge or you may be required to bring the product
to an Authorized GE Service location for service. In Alaska, the warranty excludes the cost of shipping or
service calls to your home.

Some states do not allow the exclusion or limitation of incidental or consequential damages. This warranty
gives you specific legal rights, and you may also have other rights which vary from state to state. To know
what your legal rights are, consult your local or state consumer affairs office or your state’s Attorney General.
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Installation Instructions
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er Support
Air Conditioner Warranty.

� Service trips to your home to teach you how to use 
the product.

� Improper installation, delivery or maintenance. If you
have an installation problem, or if the air conditioner is
of improper cooling capacity for the intended use,
contact your dealer or installer. You are responsible for
providing adequate electrical connecting facilities.

� Failure of the product resulting from modifications to
the product or due to unreasonable use including
failure to provide reasonable and necessary
maintenance.

� In commercial locations labor necessary to move the
unit to a location where it is accessible for service by 
an individual technician.

� Replacement of house fuses or resetting of circuit
breakers.

� Failure due to corrosion on models not corrosion-
protected.

� Damage to the product caused by improper power
supply voltage, accident, fire, floods or acts of God.

� Incidental or consequential damage caused by possible
defects with this air conditioner.

� Damage caused after delivery.

� Product not accessible to provide required service.

What GE Will Not Cover:

All warranty service provided by our Factory Service Centers,
or an authorized Customer Care® technician. To schedule
service, on-line, 24 hours a day, visit us at ge.com, or call
800.GE.CARES (800.432.2737). For service in Canada, call
1.800.361.3400. Please have serial number and model number 
available when calling for service.

Staple your receipt here. 
Proof of the original purchase

date is needed to obtain service
under the warranty.

For The Period Of: GE Will Replace:

One Year Any part of the air conditioner which fails due to a defect in materials or workmanship. 
From the date of the During this limited one-year warranty, GE will also provide, free of charge, all labor 
original purchase and related service to replace the defective part.

Five Years Any part of the sealed refrigerating system (the compressor, condenser, evaporator 
From the date of the and all connecting tubing) which fails due to a defect in materials or workmanship.
original purchase During this four-year limited additional warranty, GE will also provide, free of charge, all 

labor and related service to replace the defective part.

EXCLUSION OF IMPLIED WARRANTIES—Your sole and exclusive remedy is product repair as provided in this Limited
Warranty. Any implied warranties, including the implied warranties of merchantability or fitness for a particular purpose,
are limited to one year or the shortest period allowed by law.



Consumer Support. 

GE Appliances Website ge.com
Have a question or need assistance with your appliance? Try the GE Appliances Website 24 hours a day, 
any day of the year! For greater convenience and faster service, you can now download Owner’s Manuals,
order parts or even schedule service on-line.

Schedule Service ge.com
Expert GE repair service is only one step away from your door. Get on-line and schedule your service at 
your convenience 24 hours any day of the year! Or call 800.GE.CARES (800.432.2737) during normal
business hours.

Real Life Design Studio ge.com
GE supports the Universal Design concept—products, services and environments that can be used by 
people of all ages, sizes and capabilities. We recognize the need to design for a wide range of physical and
mental abilities and impairments. For details of GE’s Universal Design applications, including kitchen
design ideas for people with disabilities, check out our Website today. For the hearing impaired, please call
800.TDD.GEAC (800.833.4322).

Extended Warranties ge.com
Purchase a GE extended warranty and learn about special discounts that are available while your warranty
is still in effect. You can purchase it on-line anytime, or call 800.626.2224 during normal business hours. 
GE Consumer Home Services will still be there after your warranty expires.

Parts and Accessories ge.com
Individuals qualified to service their own appliances can have parts or accessories sent directly to their
homes (VISA, MasterCard and Discover cards are accepted). Order on-line today, 24 hours every day or 
by phone at 800.626.2002 during normal business hours.

Instructions contained in this manual cover procedures to be performed by any user. Other servicing generally
should be referred to qualified service personnel. Caution must be exercised, since improper servicing may cause
unsafe operation. 

Contact Us ge.com
If you are not satisfied with the service you receive from GE, contact us on our Website with all the details
including your phone number, or write to: General Manager, Customer Relations

GE Appliances, Appliance Park
Louisville, KY 40225

Register Your Appliance ge.com
Register your new appliance on-line—at your convenience! Timely product registration will allow for
enhanced communication and prompt service under the terms of your warranty, should the need arise. 
You may also mail in the pre-printed registration card included in the packing material.

Printed in China



Operation and Maintenance Plan 
Site R Groundwater Migration Control System 

Revision No.:  0 
Date:   01/29/2008 

 
APPENDIXC Manufacturer’s Information 

 
  

 
 

Geokon 4500HD Heavy Duty Pressure Transducer  
Specifications  

 









Operation and Maintenance Plan 
Site R Groundwater Migration Control System 

Revision No.:  0 
Date:   01/29/2008 

 
APPENDIXC Manufacturer’s Information 

 
  

 
 

Geomation Measurement and Control Systems  
2380 MCU Technical Manual  

 





      

2380 MCU
TECHNICAL MANUAL

PROPRIETARY NOTICE:

Information in this document is subject to change without notice and should not be 
construed as a commitment by Geomation, Inc.  Geomation assumes no responsibility 
for any errors that may be in this document.  Organizations, names, and data used in 
examples herein are fi ctitious unless otherwise noted.  

No part of this document may be reproduced or transmitted in any form or by any 
means, electronic or mechanical, for any purpose, without the express written permis-
sion of Geomation.  The availability of this document, and future revisions, if any, 
over the Internet are restricted to registered licensees of GEONET Suite software.  
Requests for permission related to the reproduction of this document must be directed 
to Geomation's Corporate Offi ce:

Geomation, Inc.
25188 Genesee Trail Road, Suite 100
Golden, CO 80401 USA
Attn: Sales & Marketing 

Tel:              720-746-0100
Fax:             720-740-1100
E-mail:         info@geomation.com
Web Page:   http://www.geomation.com

© 1996-2001 Geomation, Inc.   All rights reserved.  

Trademarks:
Geomation®, and the Geomation logo are registered international trademarks of Geo-
mation, Inc.

GEONET™, GEOLINK™, RAN™, 2380 MCU™, and 2380 IOX™ are trademarks of 
Geomation, Inc.  in the USA and other countries.  

Microsoft, Microsoft Access, and Microsoft Offi ce are registered trademarks of Micro-
soft Corporation.  MS-DOS, Windows, Windows NT, Windows 95, Windows 98, VBA 
and ODBC are trademarks of Microsoft Corporation in the USA and other countries.  

All other brand or product names are trademarks or registered trademarks of their 
respective holders.

Printed in the United States of America.  

   



2380 MCU
TECHNICAL MANUAL

i

TABLE OF CONTENTS

1. Introduction  1

2. 2380 Hardware 5
 2-1. Physical Structure 5
 2-2. Power and Ground Distribution 5
 2-3. 2380 Functional Organization 6
  2-3.1 Power Conversion and Power Management  6
   2-3.1.1 Main Batteries 6
   2-3.1.2 Charger System 7
   2-3.1.3 Power Supplies 8
   2-3.1.4 Power Management 8
   2-3.1.5 AC Charging Sources 8
   2-3.1.6 Solar Panel Kit (PV20-G) 9
  2-3.2 Processor and Memory 9
   2-3.2.1 CPU 9
   2-3.2.2 Memory 9
   2-3.2.3 PC Card Adapter 10
  2-3.3 Communication Ports 10
   2-3.3.1 EIA1 Serial Port 10
   2-3.3.2 RAN1 Wireline Port 11
   2-3.3.3 RAN2 Radio Option Interface 12
   2-3.3.4 Radio Support Options 13
   2-3.3.5 EIA2 Telephone Modem Port 14
  2-3.4 Frequency Measurement and Excitation 16
  2-3.5 Voltage Measurement System 18
  2-3.6 Geobus Control, Excitation, and Modules 19
   2-3.6.1 Geobus Structure 19
   2-3.6.2 Excitation Sources and Analog Bus Control 20
   2-3.6.3 Geobus Channel Types 21
   2-3.6.4 Module Types 22
 2-4. Model Designations and Packaging 24
  2-4.1 MCU Assemblies  24
  2-4.2 Mounting Panels 25

3. 2380 Firmware 27
 3-1. Firmware Organization 27
 3-2. Startup/Shutdown 28



2380 MCU
TECHNICAL MANUAL

ii

 3-3. Measurement and Control Subsystems 28
  3-3.1 Network Communications 29
   3-3.1.1 Communication Benchmarks 29
   3-3.1.2 Test Results 30
  3-3.2 Executive Commands 32
  3-3.3 PC Card System 35
   3-3.3.1 Memory Cards 36
   3-3.3.2 Modem Cards 36
   3-3.3.3 DIO Cards 36
   3-3.3.4 SIO2 Cards 36

4. Power Management 37
 4-1. Power Consumption 37
 4-2. Energy Budget 38

5. Interface to Devices 43
 5-1. Resistance Measurements 43
  5-1.1 Two-Wire Resistance Measurements 43
  5-1.2 Three-Wire Resistance Measurements 43
  5-1.3 Four-Wire Resistance Measurements 44
 5-2. Current Transmitters 45
 5-3. Resistance Ratios 47
 5-4. Potentiometers 47
 5-5. Bridges  50
 5-6. Vibrating Wire Transducers 51
 5-7. Thermocouples 52
 5-8. SDI 12 Devices 56



2380 MCU
TECHNICAL MANUAL

1

1. INTRODUCTION

Automatic data acquisition and device control in remote environments has always 
been diffi cult to accomplish. Usually for such situations, there is a lack of infrastruc-
ture regarding protection from environmental extremes and lightning transients, the 
availability of power, and the availability of communication resources. Equipment 
designed for plant-site or laboratory environments generally has high power consump-
tion, poor communication capability, minimal transient protection, and environmen-
tal limitations (with respect to temperature, humidity, dust, etc).

Greater success has been achieved by those who have applied equipment from the 
data logger family. Data loggers are typically low-cost instruments designed for remote 
environments. They collect measurement data onto a local mass storage device from 
which the data should be extracted every few weeks or so. However, the transport 
of the data on a timely basis to analysis personnel is severely lacking. Typically com-
munication capability, if provided at all, is minimal. The data logger model assumes 
manual intervention both in confi guring units and in transporting data. Data loggers 
are good for quick installation for short-term historical studies, but the required 
manual intervention quickly becomes untenable for large or long-term monitoring 
projects, or for situations in which nearly real-time data is a requisite.

Introduced in 1986, the Geomation System 2300 provided the fi rst total solution 
for remote data acquisition and control. Being a complete system designed from 
the ground up with the special durability and performance requirements of remote 
monitoring and control in mind, the System 2300 architecture has proven itself to be 
the solution in hundreds of installations around the world. From simple data acquisi-
tion to complex automatic control systems—from one MCU off-line for temporary 
studies with a few sensors, to complex multi-tiered networks of a hundred MCUs 
with a thousand sensors, the Geomation System 2300 is a perfect match to your 
requirements. 

The System 2300 architecture defi nes a data acquisition and control network consist-
ing of physical hardware units of two distinct types—Measurement and Control Units 
or MCUs, and GEONET WorkStations or GWSs. The architecture defi nes a con-
nectivity strategy so that messages may freely fl ow within the network. The network 
may consist of an arbitrary combination of point-to-point and multipoint connections 
through media links involving radio, twisted pairs, leased or dial-up telephone lines, 
microwave channels, cellular telephone, fi ber-optics, or satellite channels.  MCUs 
form the heart of the network performing all physical measurements, output control 
actions, and mathematical transformations without any required external interven-
tion. GWSs, on the other hand, provide user access to the network. GWS units 
collect data from the MCUs and record it into user-accessible fi les. In addition, 
GWSs provide the ability to change the confi guration of any MCU on the network. 
The Geomation System 2300 solves the missing vital link problem in providing the 
connection between fi eld instrumentation of all kinds (including intelligent sensor 
networks) and users on enterprise-wide computer networks who must analyze and 
perhaps modify the behavior of fi eld instrumentation.
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Introduction

The Geomation 2380 Measurement and Control Unit is a third generation MCU 
designed to the System 2300 specifi cation. The 2380 MCU combines the best features 
of the earlier 2350 and 2370 products along with new ease-of-use improvements and 
enhanced data manipulation features. 

The table below summarizes specifi c areas in which the 2380 addresses improvements 
in performance or feature extensions over previous MCU models.

2380 Enhancements over previous MCU models.

• Ease of installation: The 2380 is a compact unit with packaging designed to imply appropri-
ate installation. Terminals are clearly labeled for functionality, and lights are provided 
for operational diagnostics. Snap-on covers allow ready access to the internal straps and 
switches, although the requirement for such access has been minimized. Mounting panels 
provide ground termination and routing channels for interface cable.

• Lower power consumption: The 2380 consumes less than 1/2 the power of the 2350 MCU 
during idling and about 1/8 that of the 2350 during analog measurements. 

• Modular fl exibility: The 2380 GEOBUS II provides enhanced modular expandability simi-
lar to the 2350 but with the compactness of the 2370. The 2380 family of products covers 
a full range of expandability providing economical solutions for single-point applications up 
to sites with clusters of eighty or more connected devices.

• Greater processing capability: The 2380 processor has about three times the throughput 
of the 2370 and 12 times the throughput of the 2350. The 2380 has twice the onboard 
memory of the 2370 and four times the memory of the 2350.

• Support for more confi guration channels: The greater onboard memory provides more 
confi guration channel space, and the incorporation of multimeter and frequency meter 
functions on the base unit allows for more multiplexer channels on the GEOBUS.

• More logged data storage: the expanded memory adds greatly to the logged data storage 
space. The 2380 will store about fi ve times as many logged data points as the 2370.

• Mass storage: The 2380 provides a socket for pluggable mass storage. Logged data may be 
directed to the storage card either locally or over the network.

• More fl exible sensor excitation: Onboard voltage or current sources may be directed to 
any multiplexer channel during analog measurements. An expansion module is available to 
provide longer duration or higher-powered excitation.

• Improved startup and shutdown tracking: Restart counters keep track of reboot statistics 
while startup messages clearly defi ne the cause of shutdowns and restarts. Hardware is 
included to allow module initiated restarts.

• Improved handling of MCU setup parameters: Operating and calibration parameters are 
normally retrieved from user areas of non-volatile fl ash memory. User parameters or factory 
setup parameters may be recalled at any time; while user values may be modifi ed at will. 
Simple analog system calibration procedures are provided.

An understanding of MCU operations requires an overall understanding of the many 
unique aspects of the System 2300 Architecture. The “GEONET Suite Operation 
and Reference” manual provides a complete resource for basic information about 
the architecture of the System 2300, as well as complete documentation of the 
GEONET Suite software. The manual can be downloaded for free from our website at 
www.geomation.com, or a printed copy may be purchased from Geomation.
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This manual discusses the operation and confi guration of the 2380. It is assumed 
that the reader is familiar with the System 2300 architecture. The reader should be 
familiar with the physical unit types and the network connectivity options. He should 
also understand the various system methodologies including evaluation mechanisms, 
alarm handling, data recording, and confi guration processes. The reader should also be 
familiar with the GEONET Suite software package. 

The fi rst section of this manual walks the reader through the hardware features of 
the 2380 MCU. The intent here is to make the user aware of both the capabilities 
and limitations of the hardware, to expose the reader to hardware systems that may 
need periodic adjustment or calibration, and to acquaint the user with internal strap 
settings. This section should be read by those who will be installing or confi guring a 
2380 System. Although this section gets into more detail on the 2380 hardware than 
an introductory reader might wish, the section may still give enough intimation of 
2380 features to be of considerable value to those who are contemplating purchase 
of a system.

The next section discusses the particular implementation of System 2300 features in 
the 2380 MCU. This section talks about the organization and operating modes of 
the MCU fi rmware, and some of the particular executive commands and evaluator 
Component types implemented in the 2380. The detail presented here should be of 
value to someone developing a 2380 application.

The section called “Power Management” is included to emphasize the importance 
of energy conservation in remote applications. It is easy to over-commit the energy 
budget with seemingly low power consumption devices or operating modes. This sec-
tion should make the reader aware of the relative sizes of contributions to the energy 
budget, and to make the reader aware of techniques that can be used to minimize 
the total energy consumption. This section should assist a system designer in selecting 
hardware and operating modes for remote sites where energy is truly limited.

The “Interface to Devices” section provides some guidelines to the system designer 
who must select sensor types and MCU modules to condition the sensors. This section 
includes diagrams for wiring to sensors. 

NOTE:
Before using any of these interface models, you should consult the Geomation 
website for more current information in Technical Notes or Service Bulletins.

Additional information about installation and start-up confi guration of the System 
2300 can be found in the “Getting Started” manual, available for download from 
Geomation’s website at www.geomation.com. 
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2. 2380 HARDWARE

The 2380 MCU electronics package is built up from a single system circuit board and 
two small daughter boards. The system board contains most of the MCU circuitry, 
while one daughter board carries screw clamp terminals and indicators for base unit 
connections, and the other carries a dual PC card socket and adapter circuitry. 
The system board provides connectors and mounting pads for optional equipment 
including a radio adapter, two slots for optional Geobus instrument modules, and a 
connection to an optional I/O expansion bus.

The system circuit board with daughter boards attached is mounted to a metal chassis 
plate. The entire electronics package assembly is then enclosed in a precision-molded, 
polycarbonate plastic shell. The shell provides mechanical protection as well as clear 
labeling and easy-access to wiring terminals. 

The 2380 electronic system is laid out on a six-layer circuit board. Four wiring layers 
are used for signal trace routing, one layer is reserved for grounding, and one layer 
is used for power distribution. To conserve power, the logic system operates from 
a single 3.3 volt power supply. The system achieves compactness by utilizing high-
density, fi ne-pitched components, and programmable logic devices. Components are 
placed on both sides of the system board. The electronic design utilizes many low 
power consumption components that have been developed primarily for the portable 
computer market.

Several steps have been taken to minimize the potential for cross talk between compo-
nents in this compact design. First, power conversion, logic, and analog circuitry are 
physically separated as much as possible and located to minimize total trace lengths. 
Next, power distribution is handled by large areas on the power and ground planes to 
minimize voltage drops from the power supply to components. Large bypass capacitors 
(0.22µF) are used to decouple transients from components to the power system. 
Analog measurement circuitry is powered by dedicated ±5V and ±15V supplies 
to prevent transient currents of switching logic from affecting analog circuit perfor-
mance.

A four-fold grounding system has been developed: (1) All logic devices are connected 
to a logic ground plane which carries switching transients which have not absorbed by 
the bypass capacitors.  (2) All analog measurement circuitry is underlaid by and has 
ground connections to a dedicated analog ground plane. The analog ground plane 
is connected to the digital ground at one point. Digital switching ground currents, 
thus, do not pass through the analog ground. (3) An analog guard ground shields 
analog measurement traces. No power supply signals are routed through the guard 
ground. Sensitive analog traces including the analog measurement bus are sandwiched 
between analog guard ground traces on adjacent board layers. In addition, guard 
ground traces are placed alongside of and in-between differential analog measurement 
traces. The guard ground is connected to the analog ground at one location near the 

2-1. PHYSICAL STRUCTURE

2-2. POWER AND GROUND 
DISTRIBUTION
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analog front-end amplifi ers, which are ground referenced to the guard ground. (4) A 
separate protective earth ground system is routed through chassis components and 
circuit board traces to transient protection devices near each MCU input and output 
terminal. Large transient currents are shunted away from internal components by the 
protective ground system to the designated earth grounding terminals. The digital 
circuit ground is connected to the protective ground at one point. An external 
earth connection to the protective grounding terminal is imperative, as otherwise, 
large transient currents would be routed through the circuit ground systems causing 
potential damage to sensitive components. A schematic representation of the ground-
ing and power distribution system is shown in the fi gure below.

The 2380 MCU hardware design is organized into six functional blocks: (1) power 
conversion and power management, (2) processor and memory, (3) communication 
ports, (4) Geobus control and sensor excitation, (5) precision frequency measurement 
and excitation, and (6) precision DC voltage, current, and resistance measurement.  
A block diagram of the 2380 MCU base unit and optional systems is shown in the 
fi gure on the following page. The following sections discuss some of the features 
designed into each functional block.

2-3.1 Power Conversion and Power Management 

Nearly one third of the 2380 system board circuitry is dedicated to power conversion 
and power management.

2-3.1.1 Main Batteries

The power conversion system is based on a self-contained 12-volt, 2.3 Amp-hour 
lead-acid storage battery. Terminals are provided to either drive external loads from 
the battery or to substitute external batteries of up to 10 Amp-hour capacity. If the 

Methods of handling power and 
ground systems within the 2380. Analog
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battery charging inputs are left disconnected, then external power supplies or primary 
batteries may be substituted for the internal storage battery. Such external supplies 
must provide at least 200 mA of current (1 A for radio equipped units) at 12.0 to 
16.0 VDC. 

2-3.1.2 Charger System

The battery charge is replenished through an on-board multi-stage charge regulator. 
The regulator accepts AC or DC inputs on one or two channels. A DC-DC converter 
effi ciently converts the supply voltage to an appropriate battery charging voltage. The 
charging current is regulated to initially apply a controlled over-charge followed by 
fl oat-state voltage regulation with thermal compensation. The entire charger circuit is 
provided with thermal feedback to reduce charging currents with rising temperature. 
Although the maximum charging current is limited to that recommended for the 
internal 2.3 Amp-hour battery, external batteries of up to 10 Amp-hours capacity 
may be effi ciently charged.

2380 MCU functional
block diagram
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2-3.1.3 Power Supplies

Multiple independently switched DC-DC converters translate the battery supply 
voltage to levels needed by the MCU circuits. As long as the main battery supply 
voltage is above 9V, one converter operates which supplies 3.3V to power manage-
ment, clock/calendar, and memory backup circuits. If the main battery supply drops 
below 9V, automatic switches activate an onboard lithium coin cell to maintain 
clock/calendar and memory backup operations only. Power management circuitry 
controls the application of the 3.3V supply to the rest of the logic circuits in the 
MCU including the main processor. When activated, the main processor then controls 
additional DC-DC converters which generate plus and minus 5V for most of the 
onboard analog circuits and plus and minus 15V which are used by the voltmeter 
front-end instrumentation amplifi ers. Additional DC-DC converters generate user 
selectable sensor excitation voltages under processor control.

2-3.1.4 Power Management

When power consumption must be absolutely minimized, the 2380 may be put into 
a sleep mode in which most of the MCU systems including the main processor 
are deactivated until later needed. In this state, some low-power dedicated power 
management circuits must remain active to analyze conditions which should re-
activate the main processor. These circuits include an alarm clock, a fail-safe timer, 
and monitoring circuits which watch for power supply transitions, power switch transi-
tions, and module-originated wakeup requests. Normally, when the main processor 
allows the MCU to enter the low power sleep mode, it fi rst sets the alarm clock to 
issue a system wakeup request shortly before the next scheduled MCU operation. 
When the alarm expires, the power management circuits re-activate the main proces-
sor. Should the alarm clock system fail for any reason, a fail-safe timer is also 
automatically set at the time that the main processor shuts down. If the system is 
not re-awakened within 25 hours, the fail-safe timer will expire re-awakening the 
processor. During the sleep state, the power management circuits also will re-activate 
the main processor if the main supply voltage drops below 9V and subsequently rises 
above 12V, or if either the system power switch or external power switch is switched 
to the on position leaving both switches in the on position. The power management 
circuit also monitors a wakeup line on the Geobus so that some Geobus modules 
which remain active while the main system shuts down can issue a request to wake 
up the main processor.

2-3.1.5 AC Charging Sources

Each 2380 MCU is supplied with an AC charging transformer. The transformer is 
also available as an accessory item (CIT). All units which are to be out of service 
for longer than about two weeks (both newly-received units and units removed from 
service) should be connected to an AC charging adapter to activate the charger and 
maintain the battery charge level.

Spare batteries in storage should be maintained at full charge in order to maximize 
shelf-life. Non-charged units and spare batteries for which the terminal voltage falls 
below 10 volts should be replaced. The XBC stand-alone External Battery Charger 
is available for maintaining charge on stored batteries. The charger has multiple 
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operating modes to rapidly recharge discharged batteries (at up to 800 mA charging 
current), and to maintain an optimum charge level on fully charged batteries.

2-3.1.6 Solar Panel Kit (PV20-G)

The PV20-G 20-Watt solar panel kit is available as an option and as service replace-
ments with a universal mounting bracket. The solar charging source can operate in 
parallel with or in place of the AC charging adapter.  The 20-watt panel provides 
adequate power for typical MCU installations; however, when high measurement rates 
or radio logging frequencies are programmed, or high sensor or actuator power levels 
are confi gured, an MCU energy budget should be calculated as demonstrated later in 
this document. Ensuring that, under the worst-case conditions, adequate solar power 
is available to meet the energy consumption requirements is essential to maintain a 
battery charge level suffi cient for normal operations. If the solar power is insuffi cient 
to maintain battery charge, the MCU will shut itself down until the battery terminal 
voltage is restored. The charger circuit in the MCU will operate effi ciently with solar 
panels providing up to 20 watts of power.

2-3.2 Processor and Memory

2-3.2.1 CPU

The processor for the 2380 is an Intel 80C186EC. The 186EC is a third generation 
186 processor designed specifi cally for the embedded systems market. The EC version 
is the highest integration version in the family providing 14 on-chip peripheral devices 
in addition to the 16-bit processor. Dramatically reduced power consumption as well 
as on-chip power management features characterize this processor family, which is 
typically used in power-critical portable applications such as cellular telephones and 
personal organizers.

The processor section of the 2380 utilizes on-chip peripherals, external peripheral 
devices, and high density programmable logic to provide the following functions: (1) 
power management, (2) 15 channels of interrupt control, (3) three counter/timers, (4) 
chip select logic, (5) four channels of DMA, (6) four serial communication ports, (7) 
58 I/O control lines, (8) tone generator, and (9) 16-bit unit address. The processor 
operates with a 9.216 MHz instruction cycle frequency.

2-3.2.2 Memory

Low power memory devices completely fi ll the 186 memory space. The lower 512 
Kbytes contains CMOS static RAM memory which is made to be non-volatile by a 
backup lithium cell and controller. The 2380 MCU utilizes RAM for runtime data in 
addition to nonvolatile structures which contain MCU confi guration data, network 
topology data, and communication message queues.

The upper 512 Kbytes contains CMOS fl ash electrically re-programmable read-only 
memory. The fl ash memory device is separated into blocks, among which is the 
uppermost block, called the boot block. In the 2380, the lower blocks contain the 
application code for the MCU. The boot block contains initialization code and a 
resident monitor which is capable of loading the lower memory blocks. The boot block 
is normally protected from erasure or modifi cation by a jumper block located on the 
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system board. The boot block is initialized and then protected at the factory, and 
should not require fi eld modifi cation.

2-3.2.3 PC Card Adapter

The processor section includes a dual-slot hardware interface supporting up to two 
PCMCIA (PC card) optional devices. Software support is provided for particular 
Geomation selected PCMCIA devices including a mass storage card and a telephone 
network modem card. 

In addition to the memory space devices, the 2380 MCU includes hardware and 
software which support a mass storage PCMCIA card. The card provides several 
megabytes of storage in fl ash memory devices which can be removed and read by 
PCMCIA-equipped computers. Memory cards installed on 2380 MCUs appear as a 
network resource. Any unit in a System 2300 network can record data on memory 
cards by routing messages to the card through the communications network. Memory 
cards can be removed and transported to PCMCIA-equipped GWSs where the 
recorded data can be extracted.

WARNING:
The PC Cards are not hot-swappable. The MCU must be powered down before 
removing a PC Card.

2-3.3 Communication Ports

The 2380 MCU has four internal communication ports and supports additional 
optional serial ports as PCMCIA card or Geobus module options. Of the four internal 
ports, two are dedicated to inter-unit communications (RAN1 and RAN2), one is 
usually used for inter-unit communications and sometimes for communication with 
intelligent instruments (EIA1), and one is dedicated to internal communication with 
the Geobus modules.

2-3.3.1 EIA1 Serial Port

The EIA1 serial port is a full duplex port with physical interfaces for both RS-232 
and RS-485 signaling. Indicators are provided for transmit line activity, receive line 
activity, and carrier detect. The port is wired to an eight-pin miniature circular con-
nector. Each pin is protected by a transient absorption diode connected to the earth 
grounding system. The pinout of the connector is shown in the table below.

EIA1 Electrical pinout.

 1       B (RI) in/out  (input) RS-485 half duplex differential data line. Alternate
function is Ring Indicator RS-232 input.

 2       CD input RS-232 Carrier Detect input.

 3       A(DTR) in/out  (input) RS-485 half duplex differential data line. Alternate
function is RS-232 Data Terminal Ready input.

 4       Gnd  MCU circuit ground reference.

 5       RD input RS-232 Receive Data input.
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 6       TD output RS-232 Transmit Data output.

 7       CTS input RS-232 Clear to Send input.

 8       RTS output RS-232 Request to Send output.

Normally pins 1 and 3 are connected to the RS-485 half-duplex differential data 
line. In this case, MCU fi rmware controls the activation of either the RS-232 or 
the RS-485 physical interface according to the confi gured usage of the port. For 
some RS-232 intelligent instrument applications, the jumpers on the system board at 
locations JP9 and JP10 may need to be repositioned to enable the alternate RS-232 
pin functions thereby disabling the RS-485 interface. Refer to documentation for the 
specifi c instrument interface for details. 

2-3.3.2 RAN1 Wireline Port

The RAN1 serial port is connected to an on-board modem and interface circuitry 
for twisted pair wireline communications. The modem conforms to the CCITT recom-
mendation V.23 for 1200 bits per second communication using frequency shift keying.

The digitally synthesized sine wave transmit signal from the modem is coupled to a 
strappable attenuator at location JP11 and then to a software switched driver ampli-
fi er. A 600 Ω telephone line matching transformer couples the driver amplifi er to the 
transmission line.  The transmitted signal is available at the A and B terminals of the 
RAN1 port on the termination board. Transient absorption diodes on the termination 
board protect the driver from externally applied transients.  The table below shows the 
resulting transmission amplitude into a 600 Ω line for various settings of JP11.

Transmit level for various settings of JP11.

A         +3  dBm

B          0

C         -3

D         -6

E         -12

F         -16

Whenever the transmitter is switched on, the transmission of data is delayed until all 
units capable of receiving the transmission have had enough time for their receivers 
to acquire the signal. Typically the receiver acquisition time is on the order of a 
few milliseconds. For systems with interposing communication equipment such as 
real-time radio repeaters or microwave adapters, the data transmission delay should 
be considerably greater. In the 2380, the key-up delay time, called the CTS delay 
parameter, is a user-modifi able setup constant. The default value of the time delay 
is 15 milliseconds. 

The modem receiver is connected to the wireline through a second 600 Ω telephone 
line matching transformer to the C and D terminals of the RAN1 port on the termina-
tion board. The receiver terminals are also protected by transient absorption diodes 
on the termination board. The receiver includes a threshold circuit for detecting 
the presence of a transmission signal. The carrier detect threshold is an internal 



2380 MCU
TECHNICAL MANUAL

12

2380 Hardware

potentiometer adjustment at VR1 in the 2380 MCU. During reception the FSK 
receiver circuit must discriminate between tones of 1300 Hz and 2100 Hz for marking 
and spacing levels, respectively. A receiver bias level for setting the discrimination is 
adjustable at VR2 in the 2380.

The availability of separate transmit and receive paths is useful for some types 
of external analog communication equipment such as fi ber-optic line drivers and 
microwave analog interfaces. Normally though, jumpers on the termination board 
at locations JP1 and JP2 are installed creating a half-duplex single twisted pair com-
munication interface. In this case, terminals A and C are shorted together and B and 
D are shorted together.

Indicator lights are provided to show carrier detection and data activity on the 
transmit and receive circuits.

2-3.3.3 RAN2 Radio Option Interface

FCC regulations state that:

1. The RF power of a radio transmitter shall be no more than that required 
for satisfactory technical operation considering the area to be covered and 
local conditions.

2. Frequency and deviation of a transmitter must be checked before it is placed 
into service and re-checked once each year thereafter.

The FCC designation numbers for the Radio Data Link option transceiver models 
are:

         VHF (136 - 174 MHz)    AZ489FT3763

         UHF (403 - 430 MHz) or (450 - 470 MHz)  AZ489FT4774

The RAN2 serial port is internally connected to a modem compliant with the CCITT 
V.23 recommendation. The modem is connected to interface circuitry and terminated 
at connector CON11 on the 2380 system board. The radio adaptor board plugs into 
CON11. The signal interface to the radio consists of separate transmit audio and 
receive audio lines, a push-to-talk transmitter key-up line, and a squelch or radio 
frequency carrier detection line.

The RAN2 port has carrier detection and receiver bias adjustments similar to the 
RAN1 port. Like the wireline port, the RAN2 port also has a key-up delay time 
parameter called CTS delay. The radio port CTS delay defaults to 75 milliseconds and 
is also modifi able as an MCU setup parameter. The radio power supply is adjustable on 
the 2380 system board at VR5. The radio transmit power adjustment feature provides 
three benefi ts: fi rst, using the lower transmit power conserves MCU battery power; 
second, using the lower transmit power allows usage of radio frequencies that are pre-
registered with the FCC bypassing the sometimes lengthy radio licensing procedures; 
and third, use of lower radio transmit power helps to ensure that only nearby units 
that need to receive the transmission will detect a busy RF channel.
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Indicator lights on the termination board show carrier detection and transmit and 
receive activity.

Optional radio transceiver models are supplied to user specifi cations according to 
the operating frequencies licensed by the FCC. If certain additional restrictions are 
observed, such as a maximum RF transmit power level of two watts, pre-assigned 
frequencies licensed to Geomation can be used by U. S. Geomation customers bypass-
ing the sometimes lengthy process of obtaining a specifi c site license from the regula-
tory bodies. VHF radio transceivers are available covering the 136 to 174 MHz range 
in four bands; UHF transceivers cover the 403 to 430 MHz range in two bands, 
and the 450 to 470 MHz band. Transmit power levels can be specifi ed for fi ve watts 
for VHF units, four watts for UHF units, or two watts for either type of unit. The 
transceiver units utilize the frequency modulated RF circuitry designed for some 
models of hand-held “walkie-talkie” radios; the analog circuitry and external interface 
is custom designed for digital communications applications. The audio transmission 
and receiver frequency response are fl at for digital signaling. Also, the key-up circuit 
includes a transmitter time-out feature which will automatically shut down the 
transmitter within less than one minute should the MCU fail in a fashion which would 
otherwise keep the transmitter keyed.

Radio transceiver internal switch settings.

Switch       Setting Function

1                off not used

2                off open  = enable transmit time-out timer
closed = disable transmit time-out timer

3                off open  = fl at audio out if sw4 is closed
closed = de-emphasis audio if sw4 open

4                on open = de-emphasis audio if sw3 closed
closed = fl at audio if sw 3 is open 

5                off open only

6                on open  = pre-emphasis data in
closed = fl at data in

7                on open =  5V for carrier detect
closed = 0V for carrier detect

8                on open =  5V PTT to transmit
closed = 0V PTT to transmit

2-3.3.4 Radio Support Options

Geomation offers Radio Data Link support options to complete a radio system instal-
lation including antennas, mounting hardware, and transmission line. Rugged, spring-
type, omni-directional whip antennas are supplied with each radio-equipped 2380 
MCU. These antennas provide low cost and reliable service for communication links 
of up to about two miles. The antennas vary in length from two to 10 inches 
depending on specifi ed operating frequency and style.

For greater communication distances (up to 15 miles or more) or more diffi cult to 
service radio environment installations, Geomation offers high-gain directional Yagi 
and omni-directional stacked dipole antennas in the UHF bands. The Standard 



2380 MCU
TECHNICAL MANUAL

14

2380 Hardware

Omni-directional Antenna (SOA) includes a co-linear array antenna with 6dB of 
gain for the specifi ed frequency; the Hi-gain Omni-directional Antenna (HOA) is a 
similar antenna with 10dB of gain; the Yagi Antenna (YDA) is a fi ve-element array 
antenna providing 10dB of gain for the specifi ed frequency. Standard and low-loss 
connectorized transmission cable is available in standard two-meter lengths or in user 
specifi ed lengths. The antennas are rugged and provide high performance and long 
term reliability, even under severe environmental conditions.

2-3.3.5 EIA2 Telephone Modem Port

The telephone network modem option (TNM) provides an additional GEONET 
communications interface used to connect from an MCU to the public dial telephone 
network. With this option installed, an MCU or a cluster of MCUs can establish 
communication links with other MCUs so equipped or, more commonly, with GWSs 
which are confi gured for dial telephone network operation.

The TNM feature utilizes a self-contained, low power, industry standard modem 
module in the PC card format in compliance with Federal Communications Com-
mission (FCC) Part 68 Rules and Regulations for direct connection to telephone 
lines. The modem is compatible with Bell 103/212A and CCITT V.34 digital com-
munications standards and operates under an extended industry standard Hayes AT 
command set. The interface to the telephone network is a standard modular RJ-11C 
telephone receptacle.

MCU fi rmware automatically detects the presence of a PCMCIA modem module. The 
modem port is initialized to automatically answer any incoming telephone calls, and to 
initialize GEONET Communications Protocol (GCP) connections after doing so. In 
this automatic mode, the TNM option will answer incoming calls presumably initiated 
by other MCUs or, more often, by an operator using the dial option at a GWS, and 
establish communications as dialog is initiated by the calling party. In this mode it is 
assumed that the calling party has responsibility for limiting the duration of the phone 
call; the MCU will stay on-line indefi nitely until the phone connection is dropped as 
detected by the loss of a modem carrier signal.

WARNING:
PC Cards and PCMCIA modem modules are not hot-swappable. The MCU 
must be powered down before installing or removing PC Cards or modem 
modules.

Using TNM evaluator Components, TNM option-equipped MCUs can also initiate 
telephone network GCP connections to one or more remote units. In normal opera-
tion, the modem is initialized as above to answer any incoming telephone calls. When 
a TNM Component is triggered for evaluation (either by schedule, within an evalua-
tion tree, or under a fl agged alarm state or acknowledgement change), the fi rmware 
regains control over the modem by temporarily disabling GCP communications on 
the port. A telephone call is then placed to the number defi ned in the TNM 
Component record. If a valid modem carrier signal is detected within a 30 second 
time-out limit, GCP operations are re-enabled on the port. Otherwise, an error 
condition is temporarily fl agged and the record evaluation terminates or is scheduled 
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for re-evaluation according to the redialing parameters confi gured within the TNM 
Component. If GCP communications is established, the MCU attempts to initiate 
dialog with the called party by attempting to transmit any queued messages on the 
port. In addition, the MCU will send messages to the units defi ned in the wakeup fi eld 
of the TNM Component requesting other units to start up communication attempts 
using the TNM-established internode connection.

It is assumed that TNM-initiated telephone calls should also be terminated under 
MCU control. During the course of established telephone network communication, 
the MCU monitors the phone call for disconnection conditions defi ned in the TNM 
Component, as well as for remote-end initiated disconnections. Termination condi-
tions include total phone call duration and duration of connection without transfer 
of GCP message packets. Once the termination process is initiated, the MCU regains 
control of the modem. The modem is then re-initialized to automatically answer any 
incoming calls and initiate GCP communications.

Telephone Company Procedures: The goal of the telephone company is to provide 
you with the best service it can. In order to do this, it may occasionally be necessary 
for them to make changes in their equipment, operations, or procedures. If these 
changes might affect your service or the operation of your equipment, the telephone 
company will give you notice, in writing, to allow you to make any changes necessary 
to maintain uninterrupted service.

If you have any questions about your telephone line, such as how many pieces of 
equipment you can connect to it, the telephone company will provide this information 
upon request.

In certain circumstances, it may be necessary for the telephone company to request 
information from you concerning the equipment which you have connected to your 
telephone line.

Upon request of the telephone company, provide the FCC registration number and 
the ringer equivalence number (REN) of the equipment which is connected to your 
line; both of these items are listed on the equipment label on the end of the modem 
module on the TNM card. The sum of all of the RENs on your telephone lines should 
be less than fi ve in order to assure proper service from the telephone company. In 
some cases, a sum of fi ve may not be usable on a given line.

If Problems Arise: If any of your telephone equipment is not operating properly, 
you should immediately remove it from your telephone line, as it may cause harm 
to the telephone network. If the telephone company notes a problem, they may 
temporarily discontinue service. When practical, they will notify you in advance of 
this disconnection. If advance notice is not feasible, you will be notifi ed as soon as 
possible. When you are notifi ed, you will be given the opportunity to correct the 
problem and be informed of your right to fi le a complaint with the FCC.

Any necessary repairs to the Geomation 2380 TNM option should be performed by 
Geomation, Inc. or an authorized representative of Geomation, Inc. For information 
contact Geomation, Inc., 25188 Genesee Trail Rd #100, Golden, Colorado, 80401.
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2-3.4 Frequency Measurement and Excitation

The frequency measurement system included on the 2380 main system board has 
been designed to primarily excite and measure a class of sensors called vibrating wire 
transducers. Although the high gain and limited bandwidth of the input amplifi er 
is designed specifi cally to meet the requirements of a wide range of vibrating wire 
transducer types, the frequency measurement system is useful as a general purpose 
feature with the capability of accurately measuring frequencies of signals as small as 
0.1mV amplitude in the range of 450 Hz up to about 5000 Hz. For AC source signals 
of greater than 100mV amplitude, the frequency measurement system gives accurate 
measurements from 300 Hz up to 10khz.

The frequency measurement system consists of a high-gain, bandpass limited, AC 
coupled receiver amplifi er utilizing active fi lters followed by a sensitive digital com-
parator. The comparator output signal is connected to a counter/timer input channel 
on a peripheral control microprocessor dedicated to the frequency measurement and 
excitation function. The amplifi er passes signals from 450 Hz up to 5500 Hz with a 
gain of about 1000. Received signal levels are normally in the range of 0.1 millivolts 
up to fi ve millivolts peak-to-peak. The input circuit is transformer coupled providing 
good common mode rejection characteristics even for unshielded twisted pair sensor 
wiring. For long cable runs, shielded wire should be used in order to minimize any 
apparent differential mode signal arising from extraneous pickup. The input imped-
ance in receive mode is about 1000 Ω, assisting in the rejection of noise sources 
coupled by stray capacitance.

The actual measurement is of the period of the oscillatory signal. The processor 
measures the amount of time for 255 oscillations in the received signal. The processor 
computes and reports the period of the oscillation. The period measurement operates 
from a precision crystal oscillator time base running at 5 MHz with a room tempera-
ture accuracy better than 0.002% and a change with temperature of no more than 
0.01% over the range of -20 C to +55 C. The resolution of the measurement of the 
period of the vibrating wire transducer is 1/255 µsec or 3.92 nsec.

Vibrating wire transducers consist of a contained fi ne diameter wire under tension. 
The wire is normally free to vibrate at its resonant frequencies with very little 
mechanical loss. The wire attachment mechanism couples the displacement of a sens-
ing diaphragm to the tension in the wire. As the external sensed parameter changes 
(strain, displacement, pressure, etc.), the tension in the wire and hence its resonant 
frequencies also change. A measurement consists of detecting the change in one of 
the resonant frequencies as the coupled external parameter changes.

Two methods are commonly used to detect the resonant frequency of the vibrating 
wire. In the autoresonant method, two coils and permanent magnets are placed near 
the wire. One coil is driven by an AC signal which drives the wire at the driven 
frequency. The second coil generates an output voltage as the wire vibrates near the 
coil. Since the sensed amplitude increases greatly as the driven frequency approaches 
the natural resonant frequency of the wire, the resonant frequency is easily detected. 
An oscillator can be built by connecting a feedback loop from the sensing coil, 
through an appropriate amplifi er, to the driving coil.



2380 MCU
TECHNICAL MANUAL

17

2380 Hardware

In the second method, called the pluck-and-listen method, a single coil and magnet 
are placed near the wire. The coil is fi rst driven by a short duration plucking signal. 
The plucking signal stimulates the wire to vibrate at its natural frequencies. Following 
the pluck, the wire rings at its resonant frequency while decaying over time at a rate 
determined by the mechanical loss mechanisms.  During the decay, a signal is induced 
in the coil by the vibration of the wire. The resonant frequency can be measured by 
observing the frequency of the decaying resonance.

The 2380 frequency measurement system is capable of operating with either method. 
For the autoresonating process, the feedback amplifi er must be external (sometimes 
it is manufactured within the body of the transducer). The 2380 simply measures the 
autoresonant frequency. For the pluck-and-listen method, the 2380 includes hardware 
for generating a plucking signal, and includes proper coil switching circuits for measur-
ing the decaying resonance.  If the signal strength falls off too rapidly with time, the 
processor automatically enters a reduced resolution mode that performs the frequency 
measurement faster but with a somewhat lower resolution of 1/101 microseconds or 
9.90 nsec resolution.

The plucking signal is generated by the frequency measurement processor and ampli-
fi ed by an excitation transmitter. The excitation transmitter drives the transducer 
through multiplexer switches with a square wave signal with 10 volts amplitude and 
zero DC component. The source impedance is about 100 Ω after passing through the 
multiplexer switches.

Several forms of excitation signal can be generated under user control to meet the 
excitation requirements of various transducer types. Most transducer types function 
well with a single chirp excitation mode in which a swept square wave signal is 
generated starting at a low frequency (450 Hz) and ending at a programmable limit 
(from 1 to 5 kHz) after a programmable chirp duration (from 0 to 500 milliseconds). 
The sweep rate is logarithmic in time increasing in rate at higher frequencies in 
order to compensate for the generally expected wider (in frequency) resonances of 
higher frequency transducers. By cutting off the upper frequency limit of the chirp 
to a value just above the maximum expected resonance frequency, one can avoid 
the complications that can arise when signifi cant energy is pumped into harmonic 
resonant modes of the vibrating wire.

In order to allow the transmitter to pump more energy into the fundamental reso-
nance mode of more heavily damped transducers, the narrow chirp mode is provided. 
In this mode, the user may program both the upper and lower limits of the swept 
square wave excitation. When this mode is required, it is expected that the user will 
set the frequency limits to cover only the narrow portion of the total range of the 
transducer that is anticipated during operation. With these settings, the system will 
measure signals in the normal operating range with high accuracy and signals outside 
the range with greater scatter in the readings.

The double chirp mode provides the advantages of narrow chirp mode while main-
taining the full range characteristics of the single chirp mode. In the double chirp 
mode, the system fi rst generates a single wide frequency chirp as described above. 
Then, after the system measures the ringing signal, it generates a second very narrow 
band chirp centered around the measured frequency.



2380 MCU
TECHNICAL MANUAL

18

2380 Hardware

Both the narrow band chirp and the double chirp modes are provided to pump a 
greater amount of energy into the fundamental resonance. For most transducers this 
is unnecessary and often can cause nonlinearity problems caused by heating from too 
much energy being pumped into the transducer. It is recommended that any usage of 
the higher energy chirping modes for normal measurements be considered carefully, 
and only after testing for nonlinear effects by comparing period measurements in 
normal and high energy modes. Any of the excitation modes can be selected on a 
channel-by-channel basis.

2-3.5 Voltage Measurement System

The 2380 MCU analog measurement capability is based on a precision DC voltmeter 
circuit. Resistances and currents are computed from voltage measurements. The 
voltmeter consists of an analog-to-digital converter, precision front-end instrumenta-
tion amplifi ers, gain switching circuitry, and high stability voltage reference sources. 
The instrumentation amplifi ers operate from dual 15-volt power supplies allowing for 
high common mode voltage levels (about 13 volts) while maintaining a very high 
input impedance. To measure voltages greater than 13 volts, a dual 1MΩ resistive 
voltage divider can be switched into the input circuit under software control. This 
allows the system to measure input voltages with a high common mode potential or a 
differential value limited only by the input protection circuits at the input terminals.

Four gain ranges are provided by four separate instrumentation amplifi ers. Full scale 
differential input ranges are approximately 0.13V, 1.3V, 13V, and 130V.  On the 130V 
scale, each of the two input voltages is limited to about ±55 volts by the input 
protection circuits; on the other scales, each input voltage must be limited to less than 
13V to prevent the instrumentation amplifi er from saturating.

The output from the instrumentation amplifi ers is switched into the A/D converter 
input. The A/D converter is a delta-sigma charge-balance converter with 20 bits 
of precision. The converter has an on-board microprocessor which controls internal 
calibration, digital fi lters, and a serial communication interface. The converter oper-
ates from a 32.768 KHz crystal which results in digital fi lter zeros at 50 Hz and 60 
Hz and multiples thereof providing excellent rejection of possible power line pickup 
components in measurement results. Once triggered, a full precision conversion result 
is available in 1/20 of a second.

Absolute measurement accuracy is maintained by periodically calibrating the voltme-
ter system against high stability, low noise, internal voltage references injected into 
the front-end measurement bus. The 10-volt reference source has a specifi ed thermal 
coeffi cient of less than one part-per-million per degree C; the long-term stability is 
better than six parts-per-million per 1000 hours of operation.

Voltage measurements are made by comparing A/D converter output counts (after 
correction for zero input values) for an unknown voltage with the recorded counts for 
known input reference voltages.
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2-3.6 Geobus Control, Excitation, and Modules

The Geobus interface and modules provide all of the capability for interfacing 
between fi eld devices and measurement resources contained on MCU base unit and 
on Geobus modules. The following sections discuss the Geobus interface, channel 
types, and implemented Geobus modules.

2-3.6.1 Geobus Structure

The Geobus structure provides two forms of functionality for establishing connections 
from fi eld devices to MCU resources. First, the bus allows for multiplexing of the 
base unit analog measurement and excitation resources onto various fi eld devices. 
And second, the bus provides a digital communication link allowing the addition of 
external measurement resources contained on Geobus modules.

Communication between the 2380 base unit and the Geobus modules is provided by 
a high-speed, multidrop, asynchronous serial channel. The protocol is a master-slave 
implementation with a modifi ed CRC-16 message verifi cation. Standard commands 
are implemented which allow the base unit processor to identify Geobus module 
types and their capabilities. Additional commands are implemented which allow the 
base unit to control additional measurement resources provided by Geobus modules. 
Request lines are provided for resetting selected modules and for allowing modules 
to initiate service procedures.  The table below summarizes the Geobus signal line 
defi nitions.

Geobus II signal line defi nitions.

Category

Power

Analog

Communication

Signal Name

9V-15V battery supply 
and ground
                

3.3V digital and ground
                

±15V analog and 
analogpower return

Measurement bus

Excitation bus

Analog guard

Module command

Module response

Request bus

Request bus control

Signal Description

Non-volatile supply for modules 
which must mainting operation when 
MCU sleeps

Module digital supply—powers down 
when MCU sleeps

High voltage front-end analog sup-
plies for FET switch multiplexers, etc.

2-wire differential measurement bus. 
Guarded by analog reference ground

2-wire differential excitation bus. 
Shielded by analog reference ground

Reference guard for analog measure-
ment bus

Serial command line from base unit

Serial response line from modules

Request for service from modules 
or request from base unit to reset 
modules

Base unit control signals to enable 
module resets or module service 
requests

Bus Lines

2

2

3

2

2

1

1

1

8

2



2380 MCU
TECHNICAL MANUAL

20

2380 Hardware

The device interfaces provided by Geobus modules are referred to as channels. 
Geobus modules typically contain from one to ten interface channels depending 
on available board space and the number of interface terminals required for each 
channel. The Geobus channels on an MCU are uniquely identifi ed by two numbers 
which specify the module address and the channel on the module. Together these 
numbers form the Geobus Address. The module address is determined by the physical 
location of the module on the Geobus.

At the base unit, the frequency measurement and voltage measurement systems 
are connected to the measurement bus. In addition, the voltage excitation, current 
excitation, and frequency excitation resources are connected to the excitation bus. 
Multiplexer channels provide the bi-directional, differential connections from the 
excitation bus to fi eld devices and from fi eld devices to the measurement bus.

2-3.6.2 Excitation Sources and Analog Bus Control

Typical sensor measurement processes involve the application of some form of excita-
tion while performing frequency or voltage measurements at one or more locations in 
the sensor-excitation circuitry. Under fi rmware control, the 2380 analog measurement 
system can activate solid state relays to apply excitation and perform measurements 
required for all commonly encountered sensor types. In addition, the measurement 
routines include enough user-confi gurable versatility to measure many kinds of non-
standard sensor types.

This section discusses the hardware resources available for sensor excitation and 
measurement. Details regarding the usage of the excitation and measurement system 
for commonly encountered sensor types are discussed in a later section (see the 
“Interface to Devices” section at the end of this manual).

The two-wire excitation bus is used to apply an excitation voltage or current into an 
external device connected to the high side terminal on one analog signal channel. 
Normally, the excitation current returns through the low side terminal on the same 
analog signal channel. The 2380 base unit allows the fi rmware to select the high side 
excitation to be either a voltage source, a current source, or a frequency source. 
The voltage source can be either +24V, +15V, +10V, or +5V all measured with 
respect to the MCU ground. The current source has a nominal value of 100µA 
and has a compliance limit of about 13V relative to MCU ground. The frequency 
source is a ±5V square wave with respect to MCU ground. The low side current 
return terminal can be optionally switched directly to ground or ground through 
high-accuracy reference resistors of either 10 KΩ or 20.0 Ω.

The applied excitation fl ows through solid state switches having an on-state resistance 
of about 25 Ω. The excitation current normally returns to MCU ground through the 
low side channel switches also having about 25 Ω resistance.

Module address

Wake-up request 

Slot dependent module address 
defi nition

Asserting this signal allows a module 
to wake up a sleeping base unit

3

1
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Simultaneously with the application of an excitation, the measurement system can be 
confi gured to measure the voltage or frequency on a separate analog signal channel 
or across various points on the excitation circuit. The voltage measurement system 
can measure the voltage drop across a separate channel from the excitation, across 
the same channel, or across the selected excitation return reference resistor. The volt-
age measurement system can also measure the drop across the internal temperature 
sensor, the MCU battery voltage, the MCU charging voltage, and the backup lithium 
cell voltage. On a periodic basis, the voltage measurement system also measures 
the 10V, 1V, and 0.1V reference sources along with a zero voltage short for offset 
corrections.

2-3.6.3 Geobus Channel Types

Geobus interface channels of many different types are available. The multiplexer 
channel types consisting of Analog Signal channels and Resistance Ratio channels, 
provide the interconnections between base unit measurement and excitation 
resources and physical fi eld devices. Other channel types perform both the device 
interface and measurement functions for measurement types which cannot be multi-
plexed onto base unit resources. Among these channel types are pulse counters, 
excitation power supplies, analog output channels, and relay output channels.

Geobus module channel types.

Type     Channel Defi nition Terminals Description

AS       Analog Signal H, L General purpose analog multiplexer
channel

RR       Resistance Ratio I+, A, B, I– Resistance ration analog multiplexer
channel

PS        Pulse/Status Input A, B Contact closure or voltage input pulse 
counting and status

EP        Excitation Power +, – Low current switched output power

PO       Power Output A, B Switched power output or contact closure

XP        External Power A, B Input power for PO channels

AR       Form A Relay Output A, B Contact closure controlled output

AN      Analog Output Voltage H, C Non-isolated analog voltage output
channel

EX        Excitation Pwr Supply Output +, C, – Isolated switched dual power supply.
Terminals may be duplicated for fan-out 
requirements. 100mA or less.

The most versatile analog multiplexing channel type is the Analog Signal Channel. 
An Analog Signal Channel has two interface terminals labeled H for high and L for 
low. The two terminals can be connected as a pair to either the analog measurement 
bus or to the analog excitation bus, or to both buses at the same time. Positive voltage 
measurements indicate that the H terminal is at a higher voltage than the L terminal. 
Analog Signal Channels can be used for voltage, current, and resistance measure-
ments either singly or in combination with other Analog Signal Channels. Analog 
Signal Channels are also used to measure vibrating wire transducers, frequency output 
sensors, bridges, potentiometers, and many other sensor types.



2380 MCU
TECHNICAL MANUAL

22

2380 Hardware

The Resistance Ratio Channel is another analog multiplexing channel type. A Resis-
tance Ratio Channel has four interface terminals labeled I+, A, B, and I- respectively. 
In operation, a Resistance Ratio Channel applies an excitation to the I+ terminal 
and supplies an excitation return path through the I- terminal. Internal switches can 
be separately actuated to connect the measurement bus to the I+ and A terminals, 
or the A and B terminals, or the B and I- terminals. A Resistance Ratio Channel is 
normally used to measure a 4-wire Carlson Meter type of strain gage. Resistance Ratio 
Channels can also be used to measure 3-wire resistance bridges, and 3-terminal or 
4-terminal resistance sensors such as RTDs or thermistors.

Other channel types are available which do not use the base unit analog measurement 
system. These channel types typically require full-time measurement hardware which 
cannot be multiplexed.

One such non-multiplexing type is the Pulse/Status Input Channel. A Pulse/Status 
channel has two interface terminals labeled A and B. Each Pulse/Status channel may 
be confi gured to detect contact closures or voltage level inputs at the terminals. 
Associated with each channel is a current status indication as well as a counter 
indicating the total number of transitions at the A and B terminals. Some Pulse/Status 
channels can be confi gured to remain active when the base unit MCU enters the sleep 
state. In this state the pulse counters remain active and the module can be confi gured 
to re-awaken the base MCU if a status transition occurs.

Other non-multiplexing channel types are Excitation Output Channels, Power 
Output Channels, Relay Output Channels, and Analog Output Channels.

2-3.6.4 Module Types

The various types of modules offered by Geomation contain various combinations of 
analog multiplexing channel types, other channel types, as well as other types of input 
and output expansion capabilities. The tables below summarize the available module 
types and their features.

Geobus module types.

Module Description

ASM Analog Signal Multiplexer

RRM Resistance Ratio Multiplexer

MIO Multifunction I/O

ARO Form A Relay Output

PSI Pulse / Status Input

ANO Analog Output

EXO Excitation Output

EII Environmental Instrument Interface

Geobus module feature summary.

Module Ch1 Ch2 Ch3 Ch4 Ch5 Ch6 Ch7 Ch8 Ch9 Ch10 Other

ASM AS AS AS AS AS AS AS AS AS AS 

RRM RR RR RR RR RR      
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MIO AS AS AS PS PS PS EP PO PO XP 

ARO AR AR AR AR AR AR AR AR AR AR 

PSI PS PS PS PS PS PS PS PS PS PS 

ANO AN AN AN AN AN AN AN AN AN AN 

EXO EX EX EX        

EII AS AS PS PS PS AR AR    SDI-12 
          Interface
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2-4.1 MCU Assemblies 

Model 2380/20 Measurement 
and Control Unit Assembly. 

Shown with two example Geobus 
modules installed.

Geomation model 2380/80
Measurement and Control Unit 

assembly shown with eight 
example Geobus modules.

2-4. MODEL DESIGNATIONS 
AND PACKAGING



2380 MCU
TECHNICAL MANUAL

25

2380 Hardware

13.97

11.00

.34

7.30

6.62

7.00

4.00

1.485

2-4.2 Mounting Panels

One position mounting panel 
model 2380-1MP.

Three position mounting panel 
model 2380-3MP.

19.00

18.330.34

13.97

11.00

7.00

4.00

1.485
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NOTES:
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3. 2380 FIRMWARE

Firmware for the 2380 MCU is organized into two distinct components. Upon bootup, 
the 2380 processor begins execution of a resident monitor program. Under user 
selection, the system will then either jump to the resident MCU Initialization process 
or execute monitor operations in response to commands received over the EIA1 
serial port. Bootup initialization code and the monitor program are resident in a 
jumper-protected boot block area of the fl ash EPROM memory chip. These fi rmware 
components are factory installed using an external module which contains MCU 
initialization code. Normally, the boot block code will not require changes over the 
life of the product.

The resident monitor program contains a routine for downloading all of the MCU 
Application code into other sections of the fl ash memory chip. MCUs are shipped 
from Geomation with the latest version of the application code installed. Older units 
may be upgraded in the fi eld by connecting a computer to the EIA1 MCU port and 
running a Geomation program which can interact with the 2380 Monitor program. 
One must fi rst obtain from Geomation a computer fi le copy of the Application 
fi rmware. Both the download program and the Application fi rmware are available for 
download from www.geomation.com.

MCU setup parameters are stored in fl ash memory. The setup data area contains 
software switches for runtime features (such as radio transmit power level), and 
calibration factors for analog measurements. Copies of the setup parameters are 
maintained in RAM during operation of the application code. At application startup 
time, the runtime parameter block is initially loaded with system default values includ-
ing nominal values of calibration factors. The parameter block is then reloaded with 
values that have been set at the factory (initial calibration values, etc.). Finally, the 
parameter block is again reloaded with values that the user may have modifi ed and 
previously saved. The runtime version of MCU setup parameters is thus a combina-
tion of nominal values, factory initialized values, and user initialized values.

3-1. FIRMWARE
ORGANIZATION

Major sections of the
2380 MCU fi rmware and

major data structures.

Hardware 
Reset

Hardware 
Reset

Download

Download

External Factory 
Initialization

EIA1 Serial 
Port

Double trill

Unit Addr = 0 Unit Addr <> 0

Short beep

Long beep

2 Long beeps

Resident 
Monitor

2380 MCU 
Initialization

2380 MCU 
Application

2380 MCU 
Shutdown

Boot-up 
Initialization

Runtime Setup Data

Default Setup Data

Factory Setup Data

User Setup Data

Network Topology Data

Measurement Config

Outgoing Msgs Queue
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The factory setup values are stored in a protected area of fl ash memory and cannot be 
modifi ed by the user. During normal operation, the user may alter the RAM copy of 
the setup parameters, and subsequently save a copy in a user parameter area of fl ash 
memory to be applied to later MCU restarts.

The fi gure above shows the relationships of the major fi rmware sections. The thick 
gray arrows indicate the availability of fi rmware downloading paths. Boxes with heavy 
borders are protected from user modifi cation. The dashed box is installed as an option 
board at the factory for initiation of the code in the protected boxes. Major data 
structures are also indicated.

The MCU Application code consists of three distinct sections: (1) an MCU initializa-
tion section, (2) the normal run-time data acquisition and control section, and (3) 
a unit shutdown section. If the unit address setting is non-zero, the bootup module 
transfers control to the application initialization code. The initialization code fi rst 
emits a short beep sound and then proceeds with MCU data structure initialization. 
The initialization process will take from 5 to 15 seconds, during which Geobus 
modules are scanned, data tables are checked for integrity, any previously untransmit-
ted GEONET messages are restored for later transmission. If the unit fi rmware has 
been upgraded to a new version number or the MCU unit address has changed, 
then all of the topology and measurement confi guration data will be cleared and new 
default measurement components will be created. At the end of the initialization 
process, the unit issues a single long beep tone to indicate startup of the normal MCU 
application code.

Under normal operation, the MCU may detect any of a number of events that will set 
off a shutdown process. At the beginning of the shutdown process, two long audible 
tones are generated indicating termination of communications and normal data 
acquisition and control. Then, the MCU prepares the communication data structures 
for later restoration during startup. Following the scan of the data structures, the 
unit shuts down its main power supplies. If the shutdown process is disrupted, or 
if the RAM memory is corrupted following shutdown, then at startup time the com-
munication package will be re-initialized by discarding any outstanding untransmitted 
messages. Since the shutdown process takes about 5 seconds, the sudden removal 
of the main battery will probably result in the loss of outstanding communication 
messages. Topology and measurement confi guration data is saved in tables that are not 
affected by the shutdown and restart processes.

The 2380 measurement and control application fi rmware is organized into a set of 
subsystems which operate with apparent simultaneity under a pre-emptive, real-time, 
multitasking executive. The major components are: (1) a GCP network communica-
tions package, (2) an executive command interpreter, (3) an event scheduler, (4) a 
measurement evaluation and sequencing package, and (5) a PC Card handling system.

3-2. STARTUP/SHUTDOWN

3-3. MEASUREMENT
AND CONTROL SUB-
SYSTEMS
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3-3.1 Network Communications

Communication between nodes in a System 2300 Network utilizes the GEONET 
Communications Protocol (GCP). In the 2380 MCU the protocol is implemented as 
a collection of fi rmware tasks that operate as a package under the real-time multi-
tasking system.

Messages originating from the application tasks are stored in dynamically allocated 
memory. The allocated memory is given over to the communications package which 
fi rst expands any fork destination names into duplicate message copies, and then 
queues the messages into fi rst-in-fi rst-out (FIFO) queues at the transport level for 
each destination unit and each priority level. The transport level proceeds to attempt 
to transmit the messages on a round-robin and communication-time available basis. 
After the MCU receives an acknowledgement of successful delivery for a given mes-
sage, the message is removed from the queues and the allocated memory is freed.

If the dynamically allocated memory block fi lls up with queued messages, then a 
message culling routine is automatically executed. The culling routine counts the 
total number of messages queued for all destinations and all priorities. Then the 
routine selectively deletes 20% of all messages to free up space for new messages. The 
culling routine starts deleting the oldest messages of the lowest priority. The process 
continues to higher priority levels until either the freed message count is achieved 
or until all remaining messages are of the highest priority. If all the messages in 
the queues are of the highest priority, then no messages are deleted and the newest 
message is discarded. Clearly, the high priority category should be used sparingly. This 
culling algorithm allows the user to selectively decide whether the oldest or newest 
messages should be saved when the memory fi lls up with messages.

Messages received by the MCU are processed by the communication package trans-
port layer. Messages accepted by the transport layer generate acknowledgement mes-
sages that allow the transmitting unit to discard its copy of the message. Accepted 
messages are then delivered either to the MCU Executive task for further command 
parsing, or to the MCU Memory Card Task where, if a memory card option is installed 
and there is space on the card, the messages are transcribed sequentially onto fi les 
on the card.

3-3.1.1 Communication Benchmarks

Since GCP is a layered product with quite complex state transition diagrams that 
are inherently statistical in nature, a complete deterministic set of network perfor-
mance parameters cannot be expressed. However, as a guide for estimating network 
performance for future installations, Geomation provides experimentally measured 
performance fi gures for typical network confi gurations and traffi c situations.

Communication performance can be characterized by two parameters that are the 
answers to often-asked communication questions: First, how many measurement 
results per minute can propagate through the network? And second, when I issue a 
command to a unit how long does it take for the command to be received by a remote 
unit, acted upon, and a response returned to the command unit? As performance 
parameters, these network fi gures of merit are referred to as network throughput and 
command response time, respectively. However, both throughput and response time 
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are complex functions of network topology and network traffi c conditions. Also, as 
for all peer-to-peer communication networks, the performance is statistical in the 
sense that the time for delivery of individual messages cannot be exactly determined, 
although the overall average performance can be specifi ed with assurance. For these 
reasons, network performance is characterized by the throughput and response time 
measurements for certain well-defi ned benchmark tests that are intended to be 
representative of typical network confi gurations and peak traffi c situations.

Since the more typical network traffi c situation is for multiple remote MCUs to report 
the results of measurements to a GWS or for an operator at a GWS to issue a 
command to a remote MCU, the benchmark tests are designed to measure network 
throughput and response time from the point of view of the GWS. The results can 
also be extrapolated to other interunit communications or to communications to 
other GWSs.

Prototype networks of twenty remote 2380 MCUs are constructed along with one 
or two 2380 units acting as repeaters and one GWS running GEONET Suite. 
Throughput tests are performed by forcing one or more remote MCUs to queue 
measurement results at a faster rate than they can be conveyed to the GWS. The 
reported throughput fi gures are the total number of measurement result messages 
received per minute at the GWS. Response time tests involve issuing commands from 
the GWS to one or more remote MCUs to evaluate certain channel confi gurations 
and noting the time required to receive the responses. Reported response time fi gures 
are the averages of fi ve individual tests. Response time tests are performed both on 
networks that are otherwise quiet and on networks that have lower priority messages 
streaming in from one or more MCUs. Response time fi gures are reported both for 
single command-response sequences and for receiving all responses after queuing ten 
commands to ten different MCUs.

Three network confi gurations are constructed for the benchmark tests. In the fi rst 
and most typical case, the twenty MCUs contend for one communication medium, 
usually one radio frequency or one multi-drop wireline medium, to get messages to 
a repeater unit (often referred to as the Gateway) which then forwards the messages 
to the GWS. In a second case, the effect of adding a second repeater is considered. 
The second repeater communicates over a dedicated medium, usually wireline or EIA 
connection, to the fi rst repeater. In the third case, a second repeater is again added, 
but now the communication between the repeaters uses the same shared medium, 
usually radio, as that used between the fi rst repeater and the remote MCUs.

3-3.1.2 Test Results

The results of the benchmark tests are shown in the fi gure on the following page. The 
table shows the throughput along with response times for a single command/response 
sequence and for a block of ten commands and ten responses. The upper number 
is the total number of messages received at the GWS per minute. The lower two 
numbers are time intervals (minutes:seconds) between issuing one command and 
receiving a response to it, and issuing ten commands to ten different units and 
receiving all ten responses. Reported response times are average numbers measured 
in the face of traffi c of lower priority messages fl owing in from various numbers of 
MCUs. The fi rst column shows the results for the more typical network confi guration. 
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With only one unit sending messages, the throughput is 30 messages per minute 
received at the GWS. The theoretical maximum possible message throughput assum-
ing a 1200 bps medium, 8 bits/character asychronous, 30 characters/message, 20 
characters/acknowledgment, and no communication dead time for sharing, acquisi-
tion, or port turn-around, would be 144 messages/minute. A limitation of 30 messages 
per minute per unit is built into the GCP protocol to allow sharing of the communica-
tion media in multiple access network topologies.

As the number of units sending messages increases, the total throughput displays a 
slow rolloff. This behavior is expected, since as more units contend to get messages 
through to the GWS, more units begin to retry transmissions as acknowledgements 
are received more slowly, and units begin to reduce their own transmission attempts 
in order to share the medium more effectively. The numbers reported in the table 
refl ect the total number of messages received at the GWS over a period of about one 
hour. An important concern is how fairly the transmitting units share the medium 
among each other. For each throughput test, the sharing effectiveness was checked by 
verifying that the total throughput included approximately equal numbers of messages 
from each transmitting MCU. In all cases, the greatest message count exceeded the 
least message count by no more than 50%, with 25% being a typical number.

Notice that as the number of units transmitting messages increases, the response 
time to operator initiated commands also increases. This behavior is expected as the 
response time involves the individual throughput with respect to a particular MCU 
which decreases somewhat faster than inversely to total number of transmitting units. 
In addition, although the MCUs treat command responses with higher priority than 
routinely logged data, about three lower priority messages may be in the process 
of transmission before the higher priority response can be transmitted. Notice that 
the response time for 10 queued commands is considerably less than 10 times the 
response for one queued command, especially for the more heavily loaded networks. 

Network throughput and com-
mand response time measure-

ments for typical network confi gu-
rations and traffi c situations.
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This behavior might be expected since, for heavily loaded networks, the response to 
10 commands is dominated by the amount of time required for individual MCUs to 
report their responses. This in turn is some small multiple of the individual command 
response time.

In the middle column of the table, the effect of adding a second repeater unit 
carrying the composite traffi c from all the MCUs is considered. Notice that both 
the throughput and response time are nearly identical to the single repeater network 
topology case. This demonstration of the effi ciency of the repeater operation is 
encouraging for the prospect of developing complex network topologies with multiple 
levels of message repeating. However, one must consider carefully the nature of 
traffi c on the physical links as demonstrated by the numbers for the network in the 
third column. The network topology in the third column of the table again has an 
added second repeater. This time, however, the physical medium linking the two 
repeaters is the same shared medium that also connects the fi rst repeater to all of the 
remote MCUs. This potential topology might easily be encountered in radio networks. 
Although GCP can adapt to the topology, the throughput and response time numbers 
are considerably degraded. The problem here is that the throughput on the link 
between the repeaters, which is expected to carry all of the composite traffi c from 
the remote MCUs, is greatly reduced by the GCP feature of sharing the medium 
equally with all of the MCU-to-repeater links. Although GCP adapts to the topology, 
potential problems such as this should be avoided when maximum throughput or 
minimum response time is required. The reduced performance in such network 
topologies can be mitigated by offsetting the evaluation logging times to eliminate 
contention. This can be accomplished by either staggering the evaluation starting 
times or by controlling the logging start times.

3-3.2 Executive Commands

The Executive Command Processor, or EXEC, receives and interprets all messages 
that are accepted over the GCP communications network. The messages that are 
processed are of many types that allow the unit to build or modify confi gurations 
or topology on-the-fl y as well as report and maintain other status information such 
as the date and time and the reset counters. In addition, the EXEC can parse 
and execute commands that are transmitted in textual form. The following tables 
categorize the commands according to common usage and describe the functionality 
of each command.

In general, the executive commands are assumed to be issued by a human operator 
and therefore textual responses should be generated on a timely basis with suffi cient 
diagnostic detail and returned to the unit issuing the command. Since these com-
mands may also be generated automatically by other MCUs (or the same MCU), 
responses are differentiated from commands by an initial colon (:) character. Many 
executive commands which operate on specifi ed GNAs will accept a wildcarded 
defi nition. In such cases, any of the card, channel, or suffi x fi elds may be set to an 
asterisk (*) in specifying a group of components.

A more complete description of executive commands can be found in the Appendices 
of the GEONET Suite Operation & Reference Manual, available for download from 
our website at www.geomation.com.
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Executive Commands—MCU Setup

Communication Parameters: 

SET CTS DELAY Set the Clear-to-send delay time (the time from
<RAN1/RAN2/EIA1/EIA2> msec key-up to data transmission) for the designated port 

to the given value (the actual value used is rounded 
to the nearest 1/64 second).

QUERY CTS DELAY Report the current values of the Clear-to-send delay 
time for all ports.

SET RADIO 2W Setup the radio to transmit at 2W (regulated and 
adjustable).

SET RADIO 4W Setup the radio to transmit at 4W (actual output may 
be greater than 4W depending on the battery state).

QUERY RADIO Report whether the unit has an installed radio and 
what the current transmit power level setting is.

SET LOG DEST unit Setup the MCU default logging destination for unso-
licited diagnostic messages.

QUERY LOG DEST Report the current setting of the MCU default log-
ging destination.

MCU Setup Save/Restore: 

QUERY SERIAL NO Report the MCU serial number.

SAVE FACTORY SETUP serial_no [Factory only] Save current MCU setup data to non-
volatile factory data area and set unit serial number.

SAVE USER SETUP Save current MCU setup data to nonvolatile user 
data area.

RESTORE USER SETUP Retrieve and overwrite current MCU setup data with 
previously saved user setup data.

RESTORE FACTORY SETUP Retrieve and overwrite current MCU setup data with 
previously saved factory setup data.

Analog Calibration: 

CALIBRATE value Calibrate the system used to measure the selected 
evaluator channel. VM, VWP, etc.

QUERY ANA CAL Report voltmeter calibration constants and low-level 
analog to digital converter counts.

SET ANA CAL 10V voltage Set the voltmeter calibration constant for the 10V 
scale.

SET ANA CAL 1V voltage Set the voltmeter calibration constant for the 1V 
scale.

SET ANA CAL 0.1V voltage Set the voltmeter calibration constant for the 0.1V 
scale.

SET ANA CAL 10 KOHM resistance Set the reference resistance constant for the 10KΩ 
scale.

SET ANA CAL 20 OHM resistance Set the reference resistance constant for the 20Ω 
scale.

SET ANA CAL VW frequency Set the frequency meter calibration constant.
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Executive Commands—MCU Installation and Diagnostics

?, HELP Generate a list of implemented executive commands.

ECHO string Repeat the string back to the unit issuing the com-
mand.

QUERY GEOBUS Generate a list of modules connected to the 
Geobus including the on-board frequency measure-
ment system. Report hardware and fi rmware version 
numbers for each module.

SET CLOCK Set the MCU clock to the date and time of the 
executive command message.

SET DATE DD-MMM-YY Set the MCU date to the given date. The format 
must be exactly as shown. For example, 13-Sep-95.

SET TIME HH:MM:SS Set the MCU time to the given time. The format 
must be exactly as shown. For example, 23:15:05.

REBOOT Queue a request to reboot the MCU within 15 sec-
onds. All outstanding GCP messages will be deleted. 
All confi guration data will be saved.

SLEEP minutes Queue a request to put the MCU in the sleep state 
for the requested duration. All GCP messages and 
confi guration data are retained.

UPLOAD Upload a copy of the confi guration for the given 
Component. Wild card asterisks (*) may be used for 
card, channel, or suffi x.

DELETE Delete the MCU copy of the given confi guration 
Component. Wild card asterisks (*) may be used for 
card, channel, or suffi x.

CLEAR RESET Clear the MCU reset counters.

QUERY SDI Generate a list of devices connected to the SDI-12 
interface.

ZAP Queue a request to completely re-initialize an MCU. 
Use with caution. The behavior is as if a new version 
of MCU fi rmware has been installed.

Executive Commands—Network Communications

FLUSH GCP  Delete any outstanding GCP messages.

FORCE GCP Force immediate retries on all GCP connections. 
Used internally whenever new communication links 
are established.

FORK ADD fork tine Add to an existing topology fork or create a new fork 
with the given name and the given destination.

FORK DELETE fork [tine] Delete all entries defi ning a fork of the given name or 
delete a particular destination name from the given 
fork.

ROUTE unit physad port Add or modify an existing topology route defi nition 
to the given unit using the specifi ed port and physical 
address.

QUERY TOPO Report the current topology table route, alias, and 
fork defi nitions.
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Executive Commands—Field Device Installation and Evaluation Testing

FORCE SUB For the specifi ed GNA or PIC, force immediate eval-
uation of the Component and all dependent Compo-
nents. Log all evaluations and send results to the unit 
issuing the force command. GNA may be wildcarded.

FORCE For the specifi ed GNA or PIC, force immediate 
evaluation of the ultimate root Component and all 
dependent Components. Log all evaluations and send 
results to the unit issuing the force command. GNA 
may be wildcarded.

TRIGGER SUB For the specifi ed GNA or PIC, trigger immediate 
evaluation of the Component and all dependent 
Components. Log results according to the confi gu-
ration-specifi ed frequencies and destinations. GNA 
may be wildcarded.

TRIGGER For the specifi ed GNA or PIC, trigger immediate 
evaluation of the ultimate root Component and all 
dependent Components. Log results according to the 
confi guration-specifi ed frequencies and destinations. 
GNA may be wildcarded.

RELOG For the specifi ed GNA or PIC, re-log the results of 
the last evaluation to the unit issuing the relog com-
mand. GNA may be wildcarded.

SET VALUE value For the specifi ed GNA or PIC, set the current value 
to the given fl oating point value. If the GNA is a 
LSTN Component, then trigger evaluation of the 
LSTN Component and its dependents. If the speci-
fi ed GNA is not found, create a VALU Component 
with the given name. GNA may be wildcarded.

QUERY For the specifi ed GNA or PIC, report current inter-
mediate result values. Data reported depends on the 
evaluator type. 

ALARM ACK Acknowledge the alarm on the specifi ed GNA or 
PIC. Update the units contained in the Component 
destination acknowledgement list with the new alarm 
Component status. GNA may be wildcarded.

SDI [sdi_command] Issue the embedded SDI-12 command using the 
MCU SDI-12 interface hardware. If an SDI-12 
response is received within the SDI-12-specifi ed time 
limit, then report the response to the unit issuing the 
SDI executive command.

3-3.3 PC Card System

The PC Card system has control of the detection of inserted and removed PCMCIA 
cards and the activation of proper handler software for dealing with the cards. 
Recognition of card types is limited to cards offered by Geomation. 
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WARNING:
PC Cards and PCMCIA modem modules are not hot-swappable. The MCU 
must be powered down before installing or removing these options.

3-3.3.1 Memory Cards

An inserted fl ash disk memory card activates the memory card handler. In operation, 
the memory card handler is treated as a communication port using the GWS topology 
screens. All messages received by the MCU that are to be routed out through the 
memory card port are received at transport level and acknowledged by the MCU. 
The received messages are then given over to the memory card handler which writes 
the messages sequentially to the memory card. Any MCU may route messages to any 
memory card in the network by simply logging results to the logical name of a unit 
defi ned in the topology as connected via a memory card port.

The topology table for the recipient MCU has entries defi ning both the MCU name 
(messages delivered to the MCU executive task) and the units which are attached 
by the memory card port (messages delivered to the memory card handler). Messages 
received by the handler are sequentially appended to fi les on the card.

If no card is inserted or if the currently inserted card is full, then the messages 
are queued into the MCU’s dynamically allocated main memory space. If the main 
memory space fi lls with more than 1000 messages, then messages are discarded 
beginning with the oldest messages of lowest priority.

When the user wishes to remove a card, the MCU should fi rst be powered down. The 
shutdown processes actuated by turning off the main power switch cause any open 
memory card fi les to be updated on the disk card. Also the shutdown process saves 
any outstanding GCP messages. After the unit powers itself down, the card can be 
removed and replaced with a new card.

Recorded cards can be read by GEONET Suite software. Data retrieved from the card 
is handled as if it were received over the communication network. Outgoing messages 
from the GWS can also be written to memory card fi les. When the memory card is 
re-installed in the MCU, messages will be read from the fi le and forwarded to the 
GCP communication package.

3-3.3.2 Modem Cards

If a telephone network modem is detected, then the modem handler software is 
activated.

3-3.3.3 DIO Cards

If a DIO card is detected, the MCU uses the channels as digital inputs and outputs.

3-3.3.4 SIO2 Cards

If an SIO2 card is detected, the MCU uses the serial port on the card (the fi rst port 
if a dual card) as SIO2.
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MCUs in the 2380 series are often installed at locations where power is limited. Alter-
nate power sources such as solar photovoltaic, thermoelectric, and non-rechargeable 
batteries are usually expensive in terms of physical size and installation diffi culty 
as well as initial cost. For these applications, a detailed examination of the total 
energy budget for the installed MCU with its associated fi eld devices provides the 
necessary insight to select and size an alternate energy system, as well as guidance 
in the selection of sensor types, MCU operating modes, measurement scan rates, and 
logging rates.

The table below shows the power consumption of the 2380 base unit in various 
operating modes as well as that for optional subsystems. In typical installations the 
single largest contribution to total energy consumption results from the continuous 
quiescent load in the 2380 idle state. The base unit consumes about 20 mA from the 
nominal 12V power source with some small increase at temperature extremes. To this 
should be added the continuous power required by any expansion modules or radio 
receiver as shown in the table. During measurement cycles, the 2380 may activate 
other power consuming devices (excitation power supplies, radio transmitter, relay 
or analog outputs, etc.). Even though the active mode current draw may be quite 
large, the integrated total energy consumption is often low compared to that of the 
MCU in idle mode. The user should be aware, however, of the relative magnitude of 
sensor excitation power and should use care in confi guring sensor warmup times and 
sampling rates to conserve energy.

Power Consumption of the 2380 MCU and optional equipment (Load on 12V 
system battery).

2380 Base Unit: Active Mode 30 mA
 Idle Mode 20 mA
 Sleep Mode 0.3 mA
 Backup Mode 3 µA typ  (Li Cell )
Radio Option: Standby Mode 13 mA
 Receive Mode 15 mA
 Transmit Mode (2W transmit setting) 400 mA
 Transmit Mode (4W transmit setting) 1200 mA 
ASM Option: Standby Mode 1 mA
 Active Mode 5 mA
RRM Option: Standby Mode 1 mA
 Active Mode 5 mA

Because the MCU idle mode state is often the biggest factor in energy consumption, 
care has been taken in the electronic design to minimize its magnitude. Furthermore, 
hardware and software features have been incorporated to allow the MCU to shut 
down almost all of its systems and optional subsystems and enter a sleeping state. In 
the sleep state, the only remaining active systems are the alarm clock, static RAM 
backup, and the battery monitoring circuitry. Operation of the sleep state is a user 

4-1. POWER
CONSUMPTION
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programmable feature. Sleep interval requests can be programmed through utilization 
of the SLP Component. Such sleep intervals can be triggered by time or under 
dependency as any other Component. In addition, a so-called miser mode can 
be enabled, allowing the MCU to enter the sleep state whenever there are no 
Component scheduled to be triggered within the next two minutes and there are 
no messages queued for transmission. The condition of queued messages can be 
overridden if no messages have gotten through within a programmable time interval. 
Before the MCU enters the sleep state, it sets the alarm clock circuit to wake up the 
MCU about 15 seconds prior to the next scheduled evaluation. The energy savings in 
the sleep state is very large. The penalty is that the MCU is essentially off-line for the 
duration of the sleep intervals and cannot be awakened by outside communication. 
Often, this is acceptable behavior and 2380 units can operate with modest solar panel 
requirements for a large portion of a day.

Since the idle mode power consumption is often the largest contributor to the energy 
budget, and since most systems do not depart signifi cantly from typical operation 
modes, the typical system installation can utilize the standard preconfi gured power 
systems supplied by Geomation. For unusual excitation requirements, or other than 
typical operation, a detailed energy budget should be calculated.

The computation of the overall energy balance for the MCU system is strongly 
dependent on MCU operating modes. In the table below, an energy budget for a 
possible 2380 measurement system is shown. The example system is fabricated to 
demonstrate the possible factors in the energy budget, although it does represent 
fi gures attainable for low power solar charged installations. The example system 
defi nition is included in the table; here, some considerations for the energy budget 
fi gures are detailed. For each MCU operating state, current draw fi gures are extracted 
from the table on page 39. Daily energy consumption fi gures for each state are 
calculated from the current draw and the total daily hours of operation in the given 
state. (Here, energy fi gures are given in milliamp hours per day (mA-hr/d) since the 
battery potential can be assumed constant at 12 volts.)

2380 Energy budget example.

Low power solar charged battery system:

Unit is radio connected to a Network. Transmitter operates in 2W mode. Ten measure-
ments are made and reported every six hours. The unit is programmed with a SLP 
Component so that it sleeps for fi ve hours and 45 minutes every six hours (presuming 
that all measurements and communications will be completed in less than 15 minutes). 
In addition, during the midnight wakeup period, the unit status evaluations and clock 
synchronization take place. The measurements include 8 channels of 4–20 mA current 
loop measurements (two seconds warmup on each channel), and two resistance measure-
ments using the internal current sources. The solar panel has a nominal 10W capacity. 
The system is located in Minneapolis, Minnesota.

State Current (mA) Time (hr / day) Energy (mA-hr / day)
Sleeping 0.3 24 − 4 x 0.25 = 23 6.9
Idle 20 4 x (15min - 2min) 17.3
Radio Standby 13 4 x 15 min 13
Active 30 4 x 2 min 4

4-2. ENERGY BUDGET
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Current Loop Excitation 55 4 x 8 x 2 sec = .018hr  1
Radio Transmissions 400 (10x3 + 10) x 4 x .5sec 8.9

 Total energy used daily 51.1
 Battery self discharge rate 8
 Total energy consumption rate 59.1
 Total internal battery capacity 2300
 Available daily solar energy (10W @17.5V) x 3 ESH/day 1715 
 Reserve capacity ( batt cap/ consumption rate) 38.9 days
 Safety margin (available charge / energy used) 29.0

The example system makes use of the sleep state to minimize energy consumption. 
The MCU is programmed to sleep for 5.75 hours every 6 hours. The unit will be 
active for no more than 15 minutes for the four times a day that the measurements 
are taken and results are transmitted. Near midnight, the unit will generate additional 
network traffi c for unit status measurements and clock resynchronization. During 
the 15 minutes every six hours that the unit is awake, a set of 10 measurements is 
taken and the results are communicated over a radio communications network to 
a logging station. The fi rst entry in the energy consumption budget estimates the 
power consumed during the sleep state. The sleeping interval is assumed to be the 
complement of the time that the unit will be in the active state.

The active state current draw includes the contributions from the MCU active state, 
the radio in receiver mode, and Geobus modules in their active states. The idle 
current draw of any other MCU options or Geobus modules should be included in 
this fi gure. Note that even though the total idle current is fairly small, the total 
energy consumption is dominated by the contribution from this state. This is often 
the case unless the external instrumentation requires even moderate current draws 
for long time periods. 

The fi gures for the radio transmission state, here a two watt RF output, refl ect the 
high current draw of the transmitter. The ability of the battery to deliver the transmis-
sion current while maintaining its terminal voltage often determines the battery size 
rather than the total energy capacity. Although the current draw is large, radio 
transmissions are normally, as in this example, suffi ciently short and infrequent to 
represent a relatively small fraction of the total energy consumption. Typical fi gures 
are used here for the number and the duration of transmissions. The number of 
transmissions is estimated to be three times the number of logged messages to account 
for acknowledgements and retransmissions plus 10 transmissions for MCU status and 
link initialization. The average duration of a transmission is about 0.5 seconds.

The remaining contributions to the energy usage come from the sensor excitation 
power supplied by the MCU. In this example, as in typical cases, the current draw is 
moderately large compared to that of the idle state. Since the excitation is typically 
strobed on for only a few seconds at a time, the total energy consumption is fairly 
small. For those instrumentation systems that must be continuously powered or 
powered on for long time periods, the total energy consumption fi gure will often 
be dominated by this state. The energy fi gures assume a typical power conversion 
effi ciency for the internal DC-DC converters used for voltage excitation. Note that 
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the power required for the two resistance measurements in this example is negligibly 
small as the measurement excitation current is both small and turned on for a very 
short time interval. The warm up and settling time numbers of one or two seconds 
are typical for current transmitters.

The fi nal total daily energy consumption fi gure includes the MCU activity fi gures 
plus contributions from an assumed self-discharge rate of the battery (calculated from 
shelf life data).

The energy supply side of the budget involves the battery and the collected solar 
energy. The given battery capacity fi gure includes the manufacturer’s fi gure adjusted 
upward by 20% because of the very low discharge rates, but reduced by the assumed 
available capacity of 80% to avoid deep discharge cycles. The reserve capacity is given 
by the ratio of the battery capacity to the energy consumption rate. For this example, 
the reserve capacity is 39 days. This should be compared with the reserve capacity 
for a fully active MCU which is not programmed to enter the deep sleep state. In 
that case, the reserve capacity is closer to three days for a unit with typically attached 
instrumentation.

For this solar powered example, the daily collected solar energy in the long-term 
average must equal the daily energy consumption where the averaging period is given 
by the reserve capacity. In general, to make up for extended periods of cloudy or 
unusual weather, it is recommended that the reserve capacity be greater than about 
6 days for sites in the 0 to 30 degrees latitude range, 11 days for 30 to 50 degrees 
latitude, and 15 days for sites located in the 50 to 60 degrees latitude range.

The total available solar energy can be estimated from published data on solar insola-
tion. The map on the next page shows contour lines of average solar insolation avail-
able for optimally oriented solar collectors during local wintertime in North America. 
Insolation maps for other parts of the world are available from online sources such 
as www.BPSolarex.com. The data is in units of equivalent sun hours per day (ESH). 
Since equivalent sun intensity is one kilowatt per square meter, the maps also show 
daily solar insolation in units of kilowatt-hours per square meter. For a given location, 
the maps indicate the average annual wintertime equivalent number of hours per 
day of standard solar intensity to be expected. Note that local climatic conditions, 
such as rainy seasons, may produce periods of lower insolation than the wintertime 
minimum.

The annual worst-case daily available solar charging power can be estimated from 
the above solar insolation fi gure, ESH, and the solar collector performance. Solar 
panels are usually rated under standard sun conditions (1 kW/m2). The peak panel 
current fi gure (or peak power divided by the voltage at peak power) multiplied by 
the ESH gives the daily available solar charging energy in units of Ampere-hours 
per day (A-hr/d). For the example system, the available solar power is calculated 
from the panel power ratings and the ESH fi gure for Minneapolis. The ratio of the 
daily available solar energy to the daily energy consumption gives a safety margin 
fi gure. A value of 1.5 or more for the safety margin is recommended to accommodate 
programming or operational modifi cations and abnormal weather conditions.
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The large numbers for both reserve capacity and safety margin for the example system 
indicate that both the battery capacity and the solar panel size could be reduced by 
about a factor of three without signifi cantly degrading system performance. However, 
the advantage of using standard system components in this case outweighs the 
potential cost savings and leaves adequate margins for more intensively programmed 
operations.

Local wintertime equivalent sun 
hours (ESH) for North America, 
assuming a tilt angle of latitude 
plus 15 degrees [data from 
BPSolarex Corporation.]
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NOTES:
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5. INTERFACE TO DEVICES

5-1.1 Two-Wire Resistance Measurements

Rx + 2r = R0 x (V1/V2)
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Channel
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5-1. RESISTANCE
MEASUREMENTS

(A) Field wiring for 2-wire
resistance measurements.
(B) Equivalent circuit during 

2-wire resistance measurement.

(A) Field wiring for 3-wire
resistance measurements

using two AS channels.
(B) Equivalent circuit during fi rst 

resistance measurement.
(C) Equivalent circuit during 

second resistance measurement.

Analog
Signal

Channel
(AS)

Analog
Signal

Channel
(AS)

Rx

Rx

r

r

r

r

Rc

Rc

R0

R0

Rc

Rc

V1

V3

V2

V4

(A)

(B)

(C)

Chan 1

Chan 2

H

L

H

L

5-1.2 Three-Wire Resistance Measurements

G1 = Rx + 2r = R0 x (V1/V2)

G2 = 2r = R0 x (V3/V4)

Rx = G1 – G2
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5-1.3 Four-Wire Resistance Measurements

Rx = R0 x (V1/V0)

(A) Field wiring for 3-terminal 
resistance measurements using 

one resistance ratio channel.
(B) Equivalent circuit during

measurement phases. Resistance
Ratio
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(A) Field wiring for 4-wire
resistance measurements using 

two AS channels.
(B) Equivalent circuit during 

4-wire resistance measurement.
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Ix = V0 /R0

(A) Field wiring for 4-wire 
resistance measurements using 

a Resistance Ratio Channel.
(B) Equivalent circuit during
resistance measurement. Resistance
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Rx = R0 x (V1/V0)

5-2. CURRENT
TRANSMITTERS
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(A) Field wiring for MCU-excited, 
isolated current transmitters.  

(B) Equivalent circuit during
current measurement.
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Analog
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(A) Field wiring for measurement 
of externally-powered and
measured current loops.

(B) Equivalent circuit during
measurement. Analog
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Ix = V1/Rs

(A) Field wiring for non-isolated 
current transmitters.

(B) Equivalent circuit during
excitation and measurement.
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For information on wiring 
of Carlson instruments, refer 
to the Geomation Technical 
Note, “Carlson Instrument 
Measurements.”

(A) Field wiring for 4-wire resis-
tance ratio measurements using 

one resistance ratio channel.
(B) Equivalent circuit for 4-wire 

resistance ratio measurements.

5-3. RESISTANCE RATIOS
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5-4. POTENTIOMETERS
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(A) Field wiring for 3-wire
potentiometer measurements 

using two analog signal channels.
(B), (C) Equivalent circuit

diagrams during two
measurement phases.
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(A) Field wiring for measuring 
4-wire potentiometers

using a resistance ratio
measurement channel.

(B) Equivalent circuit diagram 
during measurement phases.

(A) Field wiring for measuring 
5-wire potentiometers using 

three analog signal channels.
(B) Equivalent circuit diagram 

during two measurement phases.
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(A) Field wiring for 4-wire poten-
tiometer measurements using 
three analog signal channels.
(B), (C), (D) Equivalent circuit

diagrams for three successive 
measurement phases.
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5-5. BRIDGES

(A) Field wiring for measuring 
4-wire full bridges using two 

analog signal channels.
(B) Equivalent circuit diagram 

during two measurement phases.

(A) Field wiring for 6-wire full 
bridge measurements using 

three analog signal channels.
(B) Equivalent circuit diagram for 

two measurement phases.
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Standard pluck-and-listen vibrating wire sensors can be directly connected to the 
terminals of a single ASM channel. To minimize the possible pickup of AC power line 
signals into the low-level measurement circuitry, twisted and shielded two-conductor 
cable should be used, and neither side of the coil should be connected to earth 
ground. If this precaution is observed, cable runs of 5000 feet or more are acceptable. 
Auto-resonating sensor types require an external oscillation amplifi er and DC power 
sources which may be supplied by the MCU.

Measurements of vibrating wire sensors are handled by VWP Components (Vibrating 
Wire Period). During a measurement of a vibrating wire sensor, the AC excitation 
source and the measurement receiver are both connected to the ASM channel 
terminals. For auto-resonating sensor types, the excitation is disabled by setting 
the VWP excitation duration parameter to zero. For pluck-and-listen sensors, the 
measurement system fi rst applies a plucking signal and then measures the period of 
any signal observed at the receiver. Further details of the vibrating wire excitation 
including excitation options and measurement process have been discussed earlier in 
the hardware description of the frequency measurement system found in Section 2-3.4 
“Frequency Measurement and Excitation.” For almost all transducers the single chirp 
mode provides good excitation without putting too much energy into the vibrating 
wire. The chirp duration can usually be set to about 400 milliseconds. The measure-
ment is not very sensitive to this parameter since for longer durations, although more 
energy is pumped into the oscillation mode, more time passes before the frequency 
measurement is started allowing the oscillation to decay; and, conversely for shorter 

5-6. VIBRATING WIRE 
TRANSDUCERS

(A) Field wiring vibrating wire 
transducers operating in the 

pluck-and-listen mode.
(B) Equivalent circuit during coil 

resistance measurement phase. 
(C) Equivalent circuit during

excitation phase.
(D) Equivalent circuit during

measurement phase.
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durations. The upper frequency limit should be set to the next higher limiting 
value beyond the expected operating frequency limit of the vibrating wire. If the 
limit is set too low, the wire fundamental mode will be only weakly excited (by 
harmonics of the exciting square wave); if set too high (particularly for transducers 
with low fundamental mode frequencies below about 2 kHz), then the higher excita-
tion frequencies may excite higher frequency harmonics or other vibrational modes 
of the transducer.

Since the vibrating wire sensor coil is directly wired to the ASM channel terminals, 
the coil resistance can be measured by a simple two-wire process. The VWP Compo-
nent can be confi gured to perform this measurement and to declare a measurement 
error if the coil resistance exceeds a confi gurable preset threshold. Alternatively, the 
coil resistance can be measured by an RM Component confi gured for a two-wire 
measurement. In this case, the coil resistance can be tested by an alarm record for 
open coil detection, or the value of the resistance can be used to calculate the 
temperature of the sensor. The coil can be treated as a copper RTD with sensitivity 
comparable to commercial platinum RTD temperature sensors. For this application, 
each sensor would have to be calibrated for resistance as a function of temperature.

The VWP Component measures the resonant period of the sensor in microseconds. 
The VWP Component is normally followed by a VWGC (Vibrating Wire Gage Con-
version) algebraic manipulation Component to convert the resonant period measure-
ment to a physical unit according to the calibration parameters for the transducer. 
The conversion VWGC Component contains the calibration constants supplied by 
the manufacturer for the individually calibrated transducers. Since there has been 
little agreement among the transducer manufacturers concerning the exact math-
ematical form for the units conversion, Geomation offers support for all of the com-
monly encountered transducer types by allowing selection of the conversion process 
by manufacturer. Along with the calibration constants, the mathematical form for the 
conversion is displayed allowing users of nonsupported types to select an appropriate 
conversion form. Often, the manufacturer’s zero point calibration factor is not used as 
the reference value is calibrated at installation time.

The low-level signal performance of the 2380 analog measurement system allows for 
the precision measurement of directly connected thermocouples. Thermocouples can 
be directly wired to the terminals of one channel of an ASM module. For directly 
connected thermocouples, the terminal block itself forms the reference junction 
thermocouple. Since the module terminals are held at nearly equal temperatures, 
the reference junction thermocouples develop a voltage equivalent to that of a 
single cold junction thermocouple of the sensor thermocouple materials held at the 
temperature of the module terminal block. The sensor temperature can be calculated 
from standard thermocouple calibration curves if the measured voltage is fi rst cor-
rected for the voltage developed at the equivalent reference junction thermocouple.

5-7. THERMOCOUPLES
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Analog
Signal

Channel
(AS)

RTC

RT

r

r

r

r

Rc

Rc

R0

R0

Rc

Rc

V1

V4

VAB(T1)

VAB(T2)

V2

V0

V3

(A)

(B)

(D)

(C)

Chan 1
H

L

RT

Tc
A

B

T2

T1

(A) Field wiring for direct con-
nection of a thermocouple to an 

analog signal channel.
(B) Equivalent circuit diagram 

during thermocouple open
circuit detection phase.

(C) Equivalent circuit during
thermocouple potential

measurement phase.
(D) Equivalent circuit during

reference junction temperature 
measurement phase.

Generated thermocouple
potentials as a function of tem-
perature for various standard 

thermocouple types.
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Field connections for supported thermocouple types.

Type H-terminal L-terminal
J Fe CO
K CH AL
R Pt Rh
S Pt Rh
T Cu CO
E CH CO

Alternatively, thermocouples may be wired to remote isothermal blocks, or the refer-
ence junction can be held at 0 C. The TC Component can be confi gured to operate 
with all commonly encountered standard thermocouple types: J, K, R, S, T, and 
E. The chart in the fi gure above shows the developed thermocouple potential as 
a function of temperature for various standard thermocouple types implemented in 
the 2380 MCU. The cold junction compensation routines can be bypassed for those 
applications in which a real ice-temperature reference junction is employed, or in 
which an electronic ice-point correction circuit is included in the thermocouple 
wiring system. For systems using remote isothermal blocks, any 2380 supported type of 
block temperature sensor can be connected to any other 2380 measurement channel 
and measured using standard 2380 Components.

Analog
Signal

Channel
(AS)

Analog
Signal

Channel
(AS)

RTC

RT

r

r

r

r

Rc

Rc

R0

R0

Rc

Rc

V1

V4

VAB(T1)

VAB(T2)

V2

V0

V3

(A)

(B)

(D)

(C)

Chan 1

Chan 2

H

H

L

L
RT

Tc
A

B

Cu

Cu T1

T2

(A) Field wiring for connecting 
a thermocouple to an analog 

signal channel using a remote
isothermal block. The block tem-

perature is measured by a
thermistor connected to a 

second analog signal channel.
(B), (C), and (D) Equivalent circuit 
diagrams for open circuit detec-
tion (B), thermocouple potential 
measurement (C), and remote 

block temperature measurement.
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TC Components are evaluated in a three phase process involving physical measure-
ments and computations. During the fi rst phase, the thermocouple voltage at the 
ASM input terminals is measured. The measured voltage represents the thermocouple 
sensor voltage referenced to voltages developed by reference junction thermocouples 
created at the ASM module terminals. The created cold junctions consist of thermo-
couple wire material and the materials contained in the module terminals

During the second phase of the evaluation, the resistance of the on-module thermistor 
located under the module terminal block is measured. The temperature of the module 
terminal block is then calculated by referring to a standard thermistor calibration 
curve. Or, for remote isothermal block applications, the temperature is obtained by 
internally forcing the specifi ed Components which measure the block temperature.

In the third phase, the equivalent cold junction reference voltage is determined by 
look-up and interpolation procedures that reference standard thermocouple calibra-
tion tables. The measured thermocouple voltage is then corrected by the calculated 
reference voltage. Finally, an inverse table look-up and interpolation procedure deter-
mines the sensor temperature from the cold junction compensated thermocouple 
sensor voltage.

For directly-connected thermocouples, the user may confi gure an additional evaluator 
Component which performs a simple two-wire resistance measurement on the chan-
nel. The result can be used to detect open circuit failures of the thermocouple sensors.  
Alternatively, the TC Component can be confi gured to perform a thermocouple 
resistance measurement and declare a measurement error if the resistance is above a 
switchable preset threshold.

Analog
Signal

Channel
(AS)

RTC

r

r

r

r

Rc

R0

Rc
V1

VAB(T1)V2

V0

(A)

(B)

(C)

Chan 1
H

L

Tc
A

B

Cu

Cu T1

T2

(A) Field wiring for connecting 
a thermocouple to an analog

signal channel using a remote 
electronic ice point

compensation circuit.
(B) Equivalent circuit during open 

circuit detection phase.
(C) Equivalent circuit during

thermocouple potential
measurement phase.
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SDI-12 is a U. S. Geological Survey-motivated, industry-proposed standard for mul-
tidropped low-power serial communication to intelligent instruments in remote envi-
ronments. SDI-12 as a standard is referred to as “proposed” since it has neither been 
defi ned nor adopted by ANSI, ISO, or any other standards organization at the time of 
this writing. Technically, SDI-12 should really be referred to as a U.S.G.S. Recommen-
dation. The proposed standard includes physical interface defi nitions, communication 
protocol specifi cations, and the defi nition of a common high level instrument com-
mand set. Version 1.0 of the interface standard was released in October, 1988. [The 
proposed standard is currently maintained by the SDI-12 Support Group c/o Sutron 
Corporation, 740 East 3900 South, Ste. 107, Salt Lake City, Utah.]

SDI-12 uses a three wire interface: (1) a +12 V nominal power supply (9.6V to 16V, 
0.5 ampere max), (2) a signal ground and power return, and (3) a bi-directional data 
transmission line. The protocol is based on a master/slave design with one master, the 
data recorder, and up to ten slave intelligent instruments. The communication cable 
can have a total length of up to 200 feet. All sensors on the network should enter 
a low power consumption sleep state until activated by signals on the data line. The 
fi gure above shows an equivalent circuit for the SDI-12 interface as implemented 
on the EII Geobus module. Software-controlled solid state relays S1 and S2 ensure 
that the load impedance on the data line by the SDI option board remains high 
during receive operation, and also when the MCU is powered off. A resistor/capacitor 
network and transient suppression diodes protect the transmitter and receiver compo-
nents from externally induced voltage surges and electrostatic discharges. Use of the 
power terminals is optional; the MCU interface will operate without any connection 
to the SDI-12 12V terminals.

The table below summarizes the intelligent sensor command set defi ned in the SDI-12 
standard. All conforming sensors must respond to this basic set of commands which 
allows a data recorder to implement a generic procedure for initiating measurement 
cycles and acquiring the results. Each sensor manufacturer may add other commands 
beyond the basic set to implement sensor specifi c requirements such as calibration 
procedures and measurement error processing.

Equivalent circuit for
interfacing to the SDI-12

instrumentation port.
TXD

RXD

MON

S1

S2

D4

D3

D1

D2

R2

R1

470

220K

470.0033
DATA

GND

12V

5-8. SDI 12 DEVICES
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SDI-12 Standard commands and responses. [Portions extracted from the SDI-12 
interface standard version 1.0.]

Command Description and Response
“aM!” Initiate a measurement. The response is “atttn<CR><LF>” 

where ttt specifi es the maximum time required for the sensors 
to acquire data in seconds, and n is the number of values 
that will be acquired (from 0 to 9). If n is zero, no data 
will be available using “D” commands. The values generated 
by measurements in response to this command are retained 
in the sensor for subsequent collection using “D” commands. 
Resulting data will be retained in the sensor until another “M” 
or “V” command is executed.

“aV!” Initiate verify sequence. The response is “atttn<CR><LF>”. 
After the verify sequence is completed, a service request is 
sent to the data recorder (if “ttt” is not “000”) and data will be 
collected using subsequent “D” commands. The result of this 
command is the same as that for “aM!” except that the data 
returned is from a verifi cation sequence instead of a measure-
ment. The returned data may include ROM signatures, RAM 
error codes or other diagnostic test results.

“aD0” — “aD9” Send data. The response is “a<values><CR><LF>”. 
Values returned by a “D” command will be sent in 33 charac-
ters or less. The data buffer in the sensor will not be altered 
by this command. If the number of values returned by a “aD0” 
command is less than the number specifi ed by the result of 
the previous “M” or “V” command, the rest of the data will 
be collected using “aD1”, “aD2”, and so on until all values 
specifi ed have been collected. <values> are reported in the 
form “pd.dpd.d...” where the polarity sign p is required to 
delimit values and d can be any number of digits before and 
after the optional decimal point. The total number of digits for 
each value must be in the range of 1 to 7.

“aI” Send identifi cation. The response is 
“a11ccccccccmmmmmmvvvxxx...xx<CR><LF>”. “11” is 
the SDI-12 level number indicating SDI-12 compatibility. 
“cccccccc” is an 8 character vendor identifi cation string. 
“mmmmmm” is a 6 character fi eld specifying the sensor model 
number. “rrr” is a 3 character fi eld specifying the sensor ver-
sion number. And, “xxx...xx” is an optional fi eld of up to 13 
characters to be used for serial number or other specifi c sensor 
information.

“a!” Acknowledge active. This command returns a 
“a<CR><LF>” response and would usually only be used to 
make sure the sensor responds before sending a more lengthy 
command.

“aM1!” — “aM9!” Additional measurement commands for individual measure-
ments. Results are the same as for “aM!”.

“aAb!” Change sensor address. This command is not part of the 
standard SDI-12 command set but is often implemented in 
this form. The response is “b<CR><LF>”. The command 
changes the address of sensor “a” to “b”. The new address “b” 
can be any number 0 to 9.
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The 2380 MCU fi rmware provides executive (EXEC) commands supporting operator 
initiated dialog in SDI-12 command language with conforming sensors. The executive 
commands are provided to assist the user in initial installation and to provide diagnos-
tic tools when a failure occurs. The executive command “QUERY SDI” internally 
generates a scan of all possible sensor addresses (0-9 standard addresses plus A-Z 
to support certain manufacturer’s extensions) using the basic SDI-12 identifi cation 
command. Any responses from sensors will be reported to the operator in the SDI-12 
standard form. Use of this command provides the operator with information on 
the current address settings of all attached and responding sensors. The executive 
command “SDI xxxxxx...xx” may be issued to send the embedded SDI-12 command 
xxxxx...xx over the SDI-12 port. The command must begin with a one character 
sensor address and should end with a “!” (although the MCU will supply one if omit-
ted).  Any response generated will be passed on to the operator in the form returned 
by the sensor. Dialog utilizing executive commands to issue SDI-12 commands is 
useful at installation time to verify sensor operation and to initially set the sensor 
address to the desired value. (Factory default setting to address zero is specifi ed, and 
the SDI command “0Aa!” may be used for many sensor models to set the sensor 
address to “a”, a value from 1 to 9.) Other SDI commands may be needed for 
particular sensor types to initialize parameters such as calibration values and warm 
up times.
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DC Input, Dual Channel
Isolators

Provides Two Independent,
Fully Isolated DC Outputs in
Proportion to Two DC Inputs

MODEL

Benefits
! High Density 2-Channel

Package Minimizes
Installation Space

! Eliminates Ground Loops
with 1500V Input-to-
Output, Channel-to-
Channel Isolation

! Easy Field Configurable
Input Ranges: 10mV to
100V, 1mA to 100mA

! Six (6) Configurable Output
Ranges: 0-5V, 0-10V, 0-
1mA, 4-20mA, -5 to 5V and
-10 to 10V

! Easy Plug-in Installation/
Low Mean-Time-to-Repair

! Selectable 120/240 VAC
Power

! Lifetime Warranty

DESCRIPTION
The field configurable AP4390 series dual channel isolators offer
wide ranging input and output capability for scaling and transmit-
ting analog DC signals.  The AP4390 series will accept input voltage
spans from 10mV up to 100 volts, as well as input current spans
from 1mA to 100mA. For a full scale output range, the input zero
and span  potentiometers enable 50% input zero and span
adjustability. For example, the 0-10V input range can be elevated
to 5-10V or compressed to 0-5V.

The AP4390 series offers six (6) popular ouput ranges which are
either positive voltages and currents (e.g. 0-5V, 0-10V, 0-1mA and
4-20mA) or bipolar voltages (-5 to 5V and -10 to 10V). The model
number defines the ouput channel ranges as shown in Table 1.

The 4-20mA compliance is a powerful 20VDC per channel.  All
models in the  AP4390 series accept bipolar inputs and each I/O
channel offers selectable normal or reverse acting operation (e.g. 4-
20mA or 20-4mA).

Each Action Pak in the AP4390 series is a dual, three-port,
industrial isolator --  both output channels are optically isolated
from their respective input channels up to 1500 VDC.  The two

Protecting the
Integrity of
Industrial

Process Signals

An Invensys Company

Table 1: AP4390 Series Output Ranges.
(Bold indicates factory preset ranges.)

AP 4391

AP 4392

AP 4390 A

B

A

B

A

B

0-5V, 0-10V, 0-1mA, 4-20mA

0-5V, 0-10V, 0-1mA, 4-20mA

0-5V, 0-10V, 0-1mA, 4-20mA

-5 to 5V, -10 to 10V

-5 to 5V, -10 to 10V

-5 to 5V, -10 to 10V

MODEL CHANNEL OUTPUT SELECTIONS



APPLICATION
The Action Pak AP4390 series of field
configurable isolators is useful in eliminating
ground loops, converting signal levels and pro-
viding signal drive. The AP4390 series' dual
channel design conserves installation space in
high density applications and offers superior
cost-benefit value over single channel isolators.
The wide ranging capability of the AP4390s
provides universal spare part coverage.

DIAGNOSTIC LED
TThe AP4390 series is equipped with dual
function LED signal monitors.  The green,
top-mounted LED indicates line power and
input signal status.  Active line power is
indicated by an illuminated LED.  If the input
signal is 10% above the full scale range, the
LED will flash at 8Hz.  Below 0%, the flash
rate is 4Hz.

OPTION
U Urethane coating of internal circuitry

for protection from corrosive atmo-
spheres.

CONFIGURATION
Each channel of the AP4390 series can be
independently set for a wide variety of input
and output ranges.

FACTORY PRESETS
The factory presets all inputs for
4-20mA. The preset for positive based out-
put channels is 4-20mA and -10 to 10VDC for
bipolar voltage output channels (as shown in
Table 1 and Figures 1 and 2). The supply
power is configured for 120 VAC operation.
For other I/O ranges, remove the four base
screws and case to access the I/O cards.

Refer to figures 1 & 2 for configuration and
program the I/O channels as desired.

Replace the cover before applying power.

INPUT
1. Position input jumper “W1” for Current (I)
or Voltage (V) input.

2. Set position 5 of the Input Range Selector
for Unipolar or Bipolar input operation.

Note: A bipolar range selection will double
any range from Table 2 (e.g, 10V span = ±10V
bipolar span)

3. Set position 6 of the Input Range Selector
for Normal or Reverse operation.  Reverse

acting produces a decreasing output with an
increasing input.

4. Using Table 2, configure positions 1 through
4 of the Input Range Selector for the desired
maximum input.  Round the desired maxi-
mum input value to the next highest range
(e.g., 0-70V = 100V range).

WARNING: Do not attempt to change any
switch settings with power applied. Severe
damage will result.

OUTPUT
1. For the AP4390 channels A and B, and the
AP4391 channel B, use Table 3 to configure
the output selector switches for one of the
four(4) standard output ranges.

2. For the AP4392 channels A and B,  and the
AP4391 channel B,position  output jumper
"W2" for -5 to 5V or -10 to 10V.

POWER
1. Configure the AC jumpers for either 120
or 240 VAC operation.  See Figure 3.

CALIBRATION
1. Connect the input to a calibrated DC
voltage or current source and apply power.
Refer to PIN CONNECTIONS. Wait 1 hour
for thermal stability before monitoring the
voltage/current output.

2. Set the calibrator to the desired minimum
input and adjust the Zero potentiometer for
the desired minimum output.

3. Set the calibrator to the desired maximum
input and adjust the Span potentiometer for
the desired maximum output.

4. Repeat steps 2 and 3 for best accuracy.

FACTORY ASSISTANCE
For additional information on calibration,
operation and installation please contact
Action's Technical Services Group. Call toll-
free:

800-767-5726

Current Voltage

W1W1

Unipolar Bipolar

1 2 3 4 65

> >

1 2 3 4 65

ONON

> >

Normal Reverse

1 2 3 4 65 1 2 3 4 65

*Note: Use jumper (W1) to configure either voltage or
current input.

Table 2: AP4390 Series Input
Ranges

W2W2

-10 to 10V -5 to 5V

Table 3: AP4390 and AP4391 Output Ranges

>
>

Input Range
Selector (SW1)

>

1 2 3 4

>

ON

>
>

>
>

>
>

5 6

>

Voltage* Current*

20mV 2mA

50mV 5mA

100mV 10mA

200mV 20mA

500mV 50mA

1V 100mA

2V

5V

10V

25V

50V

100V

>

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6

Range

0 to 10V

0 to 5V

0 to 1mA

4 to 20mA

>
>

>
>

Output Range SelectorOutput Range SelectorOutput Range SelectorOutput Range SelectorOutput Range Selector
(SW2)(SW2)(SW2)(SW2)(SW2)

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6



SPECIFICATIONS
Input Voltage Input (field configurable)

Full Scale Range: 10mV to 100V
Impedance: >100KΩ
Overvoltage: 400 Vrms, max
(Intermittent); 264 Vrms, max (Continous)
Current Input (field configurable)

Full Scale Range: 1mA to 100mA
Impedance: 20Ω, typical
Overcurrent: 170mArms, max
Overvoltage: 60VDC

Common Mode (Input to Ground) 1500VDC, max
Zero Turn-Up: 50% of full scale range
Span Turn-Down: 50% of full scale range

Output Voltage Output
Output: 0-5V, 0-10V, -5 to 5V, -10 to 10V
Drive: 10mA, max. (1KΩ min. load @ 10V)

Current Output
Output: 0-1mA, 4-20mA
Compliance: 0-1mA: 10V, max (10KΩ max load)

4-20mA: 20V, max (1KΩ max load)
LED Indication
   (green) Input Range

>110% input: 8Hz flash
<-10% input: 4Hz flash

Accuracy (Including
   Linearity, Hysteresis) <20mV, <2mA: ±0.35% of full scale, typical, 0.5%, max

>20mV, >2mA: ±0.1% of full scale, typical, 0.2%, max
Response Time
   (10-90%) 200 mSec., typical
Stability (Temperature) ±0.025% of full scale/°C, typical,

±0.05%/°C, max.
Common Mode
   Rejection DC to 60Hz: 120dB
Isolation (Input to
   Output) 1500 VDC between channels, input, output and power
ESD Susceptibility Meets IEC 801-2, Level 2 (4KV)
Humidity
   (Non-Condensing) Operating: 15 to 95% (@ 45°C)

Soak: 90% for 24 hours (@ 65°C)
Temperature Range Operating:  -15 to 60°C (5 to 140°F)

Storage: -25 to 70°C (-13 to 158°F)
Power Consumption: 4W typical, 6W max

Standard: selectable 120/240VAC, ±10%, 50-60Hz
Weight AP4390 0.66lbs

AP4391 0.68lbs
AP4392 0.68lbs

Approvals CSA certified per standard C22.2 No. M1982 (File No.
LR42272). UL recognized per standard UL508 (File No.
E150323/E99775).

I/O CARD CONFIGURATION

Figure 1: AP4390 and AP4391(A) I/O card
factory calibration; 4-20mA input and output
(shown sideways to view switches)

Figure 2: AP4391(B) and AP4392 I/O card
factory calibration; 4-20mA input, -10 to10V output
(shown sideways to view switches)

Diagnostic
LED

Output Range
Selector (W2)

Input Range
Selector (SW1)

WARNING: Do not attempt to change any switch settings with power applied. Severe damage will result!

WARNING: Applying voltage to the input with W2 in current (I) position will result in damage to the unit.

>

-5 to 5V

-10 to 10V

(W1)
I/V Input Selection

I V

Top

Span

Zero

1 2 3 4

ON

5 6

Bottom

Input Range
Selector (SW1)

Diagnostic
LED

Output Range
Selector (SW2)

>
>

Top

W1
I/V Input Selection

I V

Span

Zero

1 2 3 4

ON

5 6

1 2 3 4

ON

5 6

Bottom



Eurotherm Action, Inc. www.eurothermaction.com
Action Instruments www.actionio.com
8601 Aero Drive San Diego, CA 92123
858-279-5726 Service and support: 800-767-5726    FAX: 858-279-6290
sales@actionio.com  literature@actionio.com    support@actionio.com

721-0527-00-I 11/01

MODELS & ACCESSORIES
Mounting
All Action Paks feature plug-in installation. Models
AP4390, AP4391 and AP4392 use an 11-pin base and
either molded socket M011 or DIN socket MD11 for
mounting.
Ordering Information
Specify:
1. Model: AP4390, AP4391 or AP4392
2. Option: U, see text
3. Line Power: 120/240VAC
4. Optional Factory Calibration (C620): specify input

range, output range and power.

(All power supplies are transformer-isolated from the
internal circuitry.)
Pin Connections
1  Power (Hot)
2  Spare Termination
3  Power (Neu)
4  Output B (+)
5  Input A (+)
6  Input A (-)
7  Output A (+)
8  Output A (-)
9  Output B (-)
10 Input B (+)
11 Input B (-)

M011 (Track/Surface)

MD11 (DIN/Surface)

WARNING: Do not
change with power
connected!

TOP VIEW DIAGRAMS

DIMENSIONS
Dimensions are in mm (inches)
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Aquaflux F Electromagnetic Flowmeters 

 



Installation instructions

AQUAFLUX F
010 K, 020 K, 080 K
Electromanetic flowmeters
for water and seewage

GR

How to use these Instructions
The flowmeters are supplied ready for operation.

The primary head must be installed in the pipeline as described in the installation
instructions inside the packing of the primary head.

– Storage and transport Pages  3+4
– Installation in the pipeline Pages  4-5/7-8
– Grounding Page 9

� Primary head

� Compact flowmeters

Variable area flowmeters

Vortex flowmeters

Flow controllers

Electromagnetic flowmeters

Ultrasonic flowmeters

Mass flowmeters

Level measuring instruments

Communications technology

Engineering systems & solutions

Switches, counters, displays and recorders

Heat metering

Pressure and temperature

DIN A4: 7.02137.34.00
© KROHNE  01/2003 US size: 7.02137.74.00



 

2  Installation and operating instruction AQUAFLUX  
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System description 
 

AQUAFLUX electromagnetic flowmeters are precision measuring instruments designed for the 
linear flow measurement of process liquids. 
 

The process liquids must be electrically conductive:  ≥ 20 µS/cm 
 

The full-scale range  Q100% can be set as a function of the meter size : 
AQUAFLUX 010 K / 020 K / 080 K: 
DN 10 - 1600  /  3/8” -   64” Q100% = 0.1 -   86860 m3/hr = 0.02 -    156 640 US GPM 

 

AQUAFLUX F:   
DN 10 - 3000  /  3/8” - 120” Q100% = 0.1 - 305000 m3/hr = 0.02 – 1 400 000 US GPM 
 

This is equivalent to a flow velocity of 0.3 - 12 m/s, or 1 - 40 ft/s. 
 
 

Product liability and warranty 
 

AQUAFLUX electromagnetic flowmeters are designed solely for measuring the volumetric 
flowrate of electrically conductive, liquid process products. 
 

Flowmeters with AQUAFLUX primary heads are not certified for use in hazardous locations. 
Other flowmeters series are available for such applications. 
 

Responsibility as to suitability and intended use of these electromagnetic flowmeters rests solely 
with the operator. 
 

Improper installation and operation of the flowmeters (systems) may lead to loss of warranty. 
 

In addition, the ”General conditions of sale” forming the basis of the purchase contract are 
applicable. 
 

If AQUAFLUX flowmeters need to be returned to Krohne, please note the information given on 
the last-but-one page of this manual. Krohne regret that they cannot repair or check your 
flowmeter(s) unless accompanied by the completed form sheet. 
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Standards and approvals 
 
Please refer to the installation and operating instructions for the signal converter. 
 
 
 

Items included with supply 
 
AQUAFLUX F  
primary heads 

AQUAFLUX 010 K, 020 K and 080 K 
compact flowmeters 

  
• Primary head in the size as ordered • Compact flowmeter in the size as ordered 
• Connecting wires for grounding, refer to 

Section 7 “Grounding” 
• Connecting wires for grounding, see  

Section 7 “Grounding” 
• Certificate of calibration data • Certificate of calibration data 
• Grounding rings (optional), if ordered • Grounding rings (optional), if ordered 
• Installation instructions • Installation instructions 
 • Installation and operating instructions for the 

signal converter 
 

Fitting accessories (stud bolts, nuts, gaskets, etc.) are not supplied with the flowmeter, 
to be provided by customer!  

 
 
 

Handling 
 
Do not lift flowmeter by the signal converter 
housing or the terminal box. 

Do not set flowmeter down on signal converter 
housing or terminal box. 

 
 

 

  
  

PLEASE NOTE 
the temperature limits for storage and transport, see Page 4. 
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1 Important information for installation:  PLEASE NOTE ! 

 

• Use only solventless detergents to clean the signal converter housing (polycarbonate). 
 
• Temperatures  

Refer to Section 11 “Limits” for operating pressure and vacuum load based on flange 
standards and type of tube liner. 

 
 Ambient temperature Process temperature 
Compact systems -25 to +60 °C (-13 to +140 °F) -25 to ≤ +60 °C (-13 to ≤ +140 °F) 
 -25 to +40 °C (-13 to +104 °F) -25 to ≤ +90 °C (-13 to ≤ +194 °F) 
AQUAFLUX F -25 to +60 °C (-13 to +140 °F) -25 to > +60 °C (-13 to > +140 °F) 
In storage -20 to +60 °C (-  4 to +140 °F), kept immobile, 
 avoid moisture and sunlight. 
Transport -  5 to +50 °C (-  4 to +140 °F), 
 avoid moisture and sunlight. 
 
 
• Location and position as required,   

but electrode axis  
X – • – • – • – X 
must be approximately horizontal in a 
horizontal pipe run. 
 
Y  terminal box or converter housing 
  

 
• Measuring tube must be completetly filled at all times. 
 
• Direction of flow is arbitrary. Arrow on flowmeter can normally be ignored. For exceptions, 

refer to Section “Factory settings” in the installation and operating instructions for the signal 
converter. 

 
• Stud bolts and nuts: to fit, make sure there is sufficient room next to the pipe flanges. 
 
• Vibration:  support the pipeline on both sides of the compact flowmeter. Level of vibration in 

conformity with IEC 068-2-34: below 2.2g for compact flowmeters in the frequency range of 
20-50 Hz with the IFC 010 K / IFC 020 K and 20-150 Hz with the IFC 090 K. 

 
• Do not expose to direct sunlight, fit a sunshade if necessary, not included with flowmeter,  

to be provided by customer. 
 
• Large meter sizes ( ≥ DN 200 / ≥ 8”),  use adapter pipes to allow axial shifting of the 

counterflanges and to facilitate installation. 
 
• Strong electromagnetic fields, avoid in vicinity of flowmeter 
 
• Straight inlet run minimum of 5 × DN and outlet run minimum of 2 × DN,  

(DN = meter size), measured from the electrode axis. 
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• Vortex and corkscrew flow:  increase length of inlet and outlet runs or install flow 

conditioners. 
 

• Mixing different process liquids:  install flowmeter upstream of mixing point or at an 
adequate distance downstream (minimum of 30 × DN), otherwise display may be unsteady. 

 

• Plastic pipes and internally coated metal pipelines: grounding rings required, see Section 7 
“Grounding”. 

 

• Insulated pipeline:  do not insulate flowmeter. 
 

• Zero setting not necessary.  To check, it should be possible to set “zero” flow velocity in the 
completely filled measuring tube. Shutoff valves should therefore be provided either 
downstream of the flowmeter or upstream and downstream of the flowmeter. 

 
2 Suggestions for installation 

 

To avoid measuring errors due to gas/air inclusion or to pipe running empty, please observe the 
following: 
 

 Highest point of pipe run Downpipe over 5 m (16 ft) length 
 (Air bubbles collect in measuring Install air valve 
 downstream of 
 tube - faulty measurements!) flowmeter. 
   

 

 

 
 
 

 

 

 
 
 
 

 Pumps  
Open feed or discharge Never  install flowmeter on pump suction side. 
Install meter in low section of pipe.  

 

 

open discharge  

Downpipe 
“Zero” flow 
velocity.  
Line drained. 
Faulty 
measurements! 

Long pipeline 
Always  install control and shutoff valves 
downstream of flowmeter. 

Preferred  
locations 

Horizontal pipe run 
Install in slightly ascending pipe section. If 
not possible, assure adequate velocity to 
prevent air, gas or vapor from collecting in 
uppper part of flow tube. 
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3 Instrument nameplate 

 
AQUAFLUX  F  
separate primary head 
 
 
 

 
 
 
 
 
Liner materials  Electrode materials 
H Hard rubber  HC Hastelloy C4 
T Teflon®-PTFE  TI Titanium 
Pp Polypropylene  V4A Stainless steel 1.4571 / SS 316-Ti 
     
 
Teflon® is a registered trademark of Du Pont 
 
Instrument nameplate for compact flowmeters 
see installation and operating instructions for the signal converter. 
 
 
 
4 Flowmeter versions 

 
AQUAFLUX  F Separate primary head (F)  electrically connected to the signal 
 converter by signal and field current cables. 
  
AQUAFLUX 010 K, Compact flowmeter (K),  IFC 010 K or IFC 020 K signal converter mounted 
AQUAFLUX 020 K direct on the primary head. 
  
AQUAFLUX 080 K Compact flowmeter (K),  IFC 090 K signal converter mounted direct 
 on the primary head. 

Type designation Magnetic field frequency 
(here  1 /6  o f pow er frequency) 

 Tag No. 
 
 Protection category  
 to  IE C  529/E N  60529 
 

 Insulation class 
 o f fie ld  co ils 

Series No. 
Prim ary head 
constant  
 
Meter size 
D N  in  m m  and 
inch  equ iva len t 

Liner 
Teflon®  P FA 

Electrode m aterial 
H aste lloy C 4 

Flange pressure rating 
or flange c lass 
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5 Installation in the pipeline 
 

• Installation material not included, to be provided by customer (stud bolts,  
nuts, gaskets, etc.) 

 

• Pipe flanges and operating pressure:  refer to tables on “limits” in Section 11. 
 

• Distance between pipe flanges  
see fitting dimension “a”,  in Section 10 “Dimensions and weights”. 

 

• Position of flanges   
Install flowmeter in line with the pipe axis.  
Pipe flange faces must be parallel to each other, 
max. permissible deviation: 
Lmax - Lmin  ≤ 0.5 mm 
Lmax - Lmin  ≤ 0.02” 

 
• Polypropylene and hard rubber liner 

Please note the table on page 4 for temperature 
limits of operation, storage and transport.  

  
• Teflon ®-PTFE liner  

Install at the lowest point of the pipe run to avoid an excessive vacuum condition atthe meter. 
Do not remove or damage liner, which is formed around the flange edges. 

 

• Gaskets  
Use gaskets suitable for the application and appropriate to the liner, not included with 
flowmeter, to be provided by customer. 

 

• Grounding rings / protective rings  (option) 
On plastic pipes and internally coated metal pipelines, grounding rings must form the 
conductive connection with the fluid. Refer to Section 7 “Grounding for electrical connection. 

 
Grounding ring, No. 1 Grounding ring,  

protective ring No. 2 
Grounding ring,  
protective ring No. 3 

3 mm/0.12” thick for flowmeters with  
Teflon®-PTFE liner,  
solidly fitted to the flanges,  
3 mm/0.12” thick 

with cylindrical neck, to protect  
the liner particularly at the inlet  
edge against abrasive products,  
3 mm/0.12” thick 
Length: 
  30 mm/1.18”, for ≤ DN 300, ≤ 12“ 
100 mm/3.94”, for ≥ DN 350, ≥ 14“ 

   

   
   
Teflon® is a registered trademark of Du Pont. 
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6 Torques 

 
• Tighten stud bolts uniformly in diagonally opposite sequence, see table for number and type. 
 
• Column A,  Torques for Teflon®-PTFE liner. 
 
• Column B , Torques for liner made of Polypropylene and hard rubber. 
 
• 10 Nm ~ 1.0 kpm ~ 7.23  ft × lbf 
 
M eter Pres- Bolts M ax. torque  M eter  Body  Bolts  M ax. torque  
size sure  N m  (ft × lb f)  size  pressure   N m  (ft × lb f) 
 rating      rating    
D N  m m  P N   A B  inch  psig   A  B  
    10  40    4  x  M  12   7 .6  (5 .5 )        3/8 580   4  x  1/2"   3 .5   (2 .5 )   
    15  40    4  x  M  12   9 .3  (6 .7 )        1/2 580   4  x  1/2"   3 .5   (2 .5 )   
    20  40    4  x  M  12 16  (11 .6 )        3/4 580   4  x  1/2"   4 .8   (3 .5 )   
    25  40    4  x  M  12     11  (8 .0 )    1  580   4  x  1/2"       4 .4    (3 .2 ) 
    32  40    4  x  M  16     19  (13 .0 )    1 1/2 580   4  x  1/2"     12    (8 .7 ) 
    40  40    4  x  M  16     25  (18 .1 )    2  580   4  x  5/8"     23    (16 .6 ) 
    50  40    4  x  M  16     31  (22 .4 )    3  360   4  x  5/8"     39    (28 .2 ) 
    65  16    4  x  M  16     42  (30 .4 )    4  230   8  x  5/8"     31    (22 .4 ) 
    65  40    8  x  M  16     21  (15 .2 )    6  230   8  x  3/4"     51    (36 .9 ) 
    80  25    8  x  M  16     25  (18 .1 )    8  145   8  x  3/4"     69    (49 .9 ) 
  100 16    8  x  M  16     30  (21 .7 )  10  145 12  x  7/8"     79    (57 .1 ) 
  125 16    8  x  M  16     40  (28 .9 )  12  145 12  x  7/8"   104    (75 .2 ) 
  150 16    8  x  M  20     47  (34 .0 )  14  145 12  x  1"     93    (76 .2 ) 
  200 10    8  x  M  20     68  (49 .2 )  16  145 16  x  1"     91    (65 .8 ) 
  200 16  12  x  M  20     45  (32 .5 )  18  145 16  x  1 1/8"   143  (103 .4 ) 
  250 10  12  x  M  20     65  (47 .0 )  20  145 20  x  1 1/8"   127    (91 .8 ) 
  250 16  12  x  M  24     78  (56 .4 )  24  145 20  x  1 1/4"   180  (130 .1 ) 
  300 10  12  x  M  20     76  (54 .9 )  28  145 28  x  1 1/4"   161  (116 .4 ) 
  300 16  12  x  M  24   105 (75 .9 )  32  145 28  x  1 1/2"   259  (187 .3 ) 
  350 10  16  x  M  20     75  (54 .2 )  36  145 32  x  1 1/2"   269  (194 .5 ) 
  400 10  16  x  M  24   104 (75 .2 )  40  145 36  x  1 1/2"   269  (194 .5 ) 
  450 10  20  x  M  24     93  (67 .2 )         
  500  10  20  x  M  24   107 (77 .4 )         
  600  10  20  x  M  27   138 (99 .8 )         
  700  10  20  x  M  27    163  (117 .8 )         
  800  10  24  x  M  30    219  (158 .3 )         
  900  10  28  x  M  30    205  (148 .2 )  Note:  Process pressure must not exceed ANSI 
1000 10  28  x  M  35    261  (188 .7 )  flange rating. Refer to ANSI Standard B 16.5. 

 
 
Teflon® is registered trademark of Du Pont 
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7 Grounding 

• All flowmeters must be properly grounded to avoid personnel shock hazard. 
• The ground conductor should not transmit any interference voltages, therefore do not ground any 

other electrical devices together with this conductor. 
 

AQUAFLUX  F   separate primary head with terminal box 
 

• An FE functional ground  must always be connected. 
• Signal converter with field power supply > 125 mA / 60 V  a PE protective conductor  must be 

connected to the primary head, because of the higher field current from the signal converter. See 
grounding diagrams below. 

 

AQUAFLUX  010 K, 020 K and 080 K   compact systems 
 

Supply power > 50 V AC  
• Grounding is via the PE protective ground conductor  incorporated in the power supply cable,  

see also Section “Connection to power” in the installation and operating instructions for the signal 
converter. 

• EXCEPTION: Do not connect up the PE protective ground conductor in the terminal box   
if e.g. compact units are operated in the proximity of electric furnaces, electrolysis plants, etc.,  
and large potential differences occur in the pipeline system. An FE functional ground must 
simultaneously take over the function of the protective conductor (combined protective/functional 
ground). Refer to appropriate national codes for specific requirements for this type of installation, 
which may require the addition of a ground fault detection circuit interrupter. 

 

Power supply 24 V AC or DC  
• Protective separation (PELV) must be ensured (VDE 0100 / VDE 0106 or IEC 364 / IEC 536 or 

equivalent national regulations). 
• An FE functional ground conductor  must be connected for measurement reasons. 
 

Grounding diagrams 
 

Metal pipelines, Metal pipelines, 
not internally coated with or without internal coating, 

 and plastic pipelines 
grounding without grounding rings grounding with grounding rings 

  
 

D1, D2, D3 G aske ts , no t inc luded  w ith  supp ly , to  be  prov ided  by custom er. 
E G round ing  rings (op tion) 
F F low m ete r flanges 
FE Functiona l g round , w ire ≥ 4  m m 2 C u (10  A W G ), no t inc luded  w ith  flow m eter, to  be  prov ided  by custom er 
PE P ro tective  conducto r requ ired  if the  A Q U A FLU X  F  is  opera ted  w ith  a  s igna l converte r tha t supp lies a  fie ld  cu rren t o f 

> 125 m A / > 60 V . W ire  ≥ 4  m m 2 C u (10  A W G ), no t inc luded  w ith  flow m eter, to  be  prov ided  by custom er. 
R P ipe line  
RF P ipe  flanges 
V1, V2 In te rconnecting  w ires, inc luded  w ith  flow m eter 
Y Term ina l box or s igna l converter 
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8 Replacement of the separate primary head 

 
Switch off power source before commencing work ! 
 
1) Note down terminal assignment before dismantling the “old” primary head. 
 
2) Install the new primary head as described in the supplied installation instructions. 

 
3) Make electrical connection at the signal converter as described in the installation and 

operating instructions for the signal converter. 
 

4) Specific calibration data are defined during factory calibration for each primary head, which 
are indicated on the instrument nameplate. 
This includes the primary constant GK and the magnetic field frequency. 
These data need to be reset in the signal converter. 
 

5) If the size of primary head is also different from the old one, the full-scale range Q100% and the 
meter size will need to be reset. 
 

6) After resetting the signal converter, carry out a zero point check. 
 

7) If necessary, reset the internal electronic totalizer of the signal converter. 
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9 Technical data 

Meter sizes 
Compact systems DN 10 – 1600 and 3/8” –   64” 
AQUAFLUX F (separate) DN 10 – 3000 and 3/8” – 120” 
Pipe flanges  
to DIN 2501 (= BS 4504) DN 10 – 50 and DN 80 / PN 40 
 DN 65 and DN 100 – 150 / PN 16 
 DN 200 – 1000 / PN 10 
 DN 1100 – 2000 / PN 6 
 DN 2200 – 3000 / PN 2.5 
to ANSI B 16.5 3/8” – 24” / Class 150 lb / RF 
to AWWA 14’’ – 120’’ / Class B or D / FF 
Electrical conductivity ≥ 20 µS/cm 
Temperatures Ambient temperature Process temperature 
Compact systems – 25 to +   60°C –   5 to ≤ +   60°C 
 – 13 to + 140°F – 23 to ≤ + 140°F 

 – 25 to +   40°C –   5 to ≤ +   90°C 
 – 13 to + 104°F – 23 to ≤ + 194°F 

AQUAFLUX F (separate) – 25 to +   60°C –   5 to ≤ +   90°C 
 – 13 to + 140°F – 23 to    + 194°F 
Max. allowable operating data Process temperature, operating pressure and vacuum load 
 for the liner, refer to Sect. 11 “Limits” 
Insulation class of field coils E 
Electrode design  
DN 10 – 3000 / 3/8” – 120’’ flat elliptical electrodes, solidly fitted, surface-polished 
Option DN 350 – 3000 / 14’’ – 120’’ field-replaceable electrodes WE 
Protection category  (EN 60 529 / IEC 529)  
Standard IP 67 equivalent to NEMA 6 (with field replaceable electrodes 

WE: IP 65, equivalent to NEMA 4/4X) 
Option IP 68 equivalent to NEMA 6 
Grounding rings available as an option 
Materials  
Measuring tube stainless steel 1.4301 (or higher materials number),  

equivalent to SS 304 
Liner  
DN 10 –     20 /  3/8” – 3/4” Teflon®-PTFE 
DN 25 – 150 /  1” – 6” Polypropylene, hard rubber (option) 
DN 200 – 3000 /  8” – 120” Hard rubber 
Electrodes  
Standard Hastelloy C4 
Option stainless steel 1.4571 or SS 316 Ti, titanium 
Field replaceable WE stainless steel 1.4571 or SS 316 Ti 
Connecting flanges*  
DIN: DN 10-50, DN 80 (3/8”-2’’, 3’’) steel 1.0402 (C 22) or AISI C 1020 
        DN 65, ≥ DN 100 (≥ 4’’) steel 1.0501 (RST 37.2) or AISI C 1035 
ANSI steel ASTM A 105 N 
Housing*  
DN 10 – 40 / 3/8”–11/2” GTW-S 30 (malleable cast iron) 
≥ DN 50 / ≥ 2’’ sheet steel 
Terminal box*  
AQUAFLUX F (separate) die-cast aluminium 
Grounding rings (option) stainless steel 1.4571 or SS 316 Ti 

* with polyurethane coating Teflon® is a registered trademark of Du Pont. 
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10 Dimensions and weights 

 

PLEASE NOTE ! 
The total dimension for the height  is obtained from dimension b  (see table) plus the height   

of the terminal box or the signal converter, see drawings. 
The total weight  is made up of the weight of the signal converter (see table)  

plus the weight of the terminal box or signal converter, see below. 
 

 
Terminal box IFC 010 K and IFC 020 K IFC 090 K signal converter 
 signal converters  

 

 

 

   

  
Weight approx. Weight approx. Weight approx. 
0.5 kg (1.1 lb) 1.6 kg (3.6 lb) 2.3 kg (5.1 lb) 
 

Flange connections  to ... Dimensions in mm (inch) 
DIN 2501 DN   10-  300 PN 40, 16, 10 see table 
(= BS 4504) DN 350-1000 PN 10 see table 
 DN 350-1000 PN 25 see table, dimension „astandard“ + 200 mm 
 ≥ DN 1200 PN 6, 2.5 information supplied on request 
ANSI B 16.5 3/8”-24” 150 lb / RF see table 
  ≥ 300 lb / RF dimensions supplied on request 
AWWA ≥ 14” Class B, D / FF dimensions supplied on request 
 

• Dimension “a” without flange gaskets:  
not included with flowmeter, to be provided by customer. 

• Meter size 3/8”:  flange connection 1/2” 
 

Nom inal s ize  Dim ensions in  m m  (inch) Approx. weight in  kg  (lb ) 
D IN  A N S I a  (fitting  leng th) b  c  dia. D  w ith  D IN  w ith  A N S I 
D N  P N  psig  inch S tandard  IS O  13  359  A N S I   D IN , IS O  A N S I flanges flanges 
    10  40  (580) 3/8   150   (5 .91)       –  150   (5 .91)   165   (6 .50)   121   (4 .76)     90    (3 .54)   88 .9    (3 .50)     5      (11 .0)     6     (13 .2 ) 
    15  40  (580) 1/2   150   (5 .91)   200   (7 .87) 150   (5 .91)   165   (6 .50)   121   (4 .76)     95    (3 .74)   88 .9    (3 .50)     5      (11 .0)     6     (13 .2 ) 
    20  40  (580) ¾    150   (5 .91)   200   (7 .87) 150   (5 .91)   165   (6 .50)   121   (4 .76)   105   (4 .13)   98 .6    (3 .88)     7      (15 .4)     8     (17 .6 ) 
    25  40  (580) 1    150   (5 .91)   200   (7 .87) 150   (5 .91)   165   (6 .50)   121   (4 .76)   115   (4 .53) 108      (4 .25)     7      (15 .4)     8     (17 .6 ) 
    32  40  (580) –    150   (5 .91)   200   (7 .87)     –    180   (7 .09)   139   (5 .47)   140   (5 .51)     –      8      (17 .6)     –  
    40  40  (580) 1 1/2   150   (5 .91)   200   (7 .87) 150   (5 .91)   180   (7 .09)   139   (5 .47)   150   (5 .91) 127      (5 .00)     8      (17 .6)     9     (19 .8 ) 
    50  40  (580) 2    200   (7 .87)   200   (7 .87) 200   (7 .87)   218   (8 .58)   160   (6 .30)   165   (6 .50) 152      (6 .00)     8      (17 .6)     8     (17 .6 ) 
    65  16  (232) –    200   (7 .87)   200   (7 .87)     –    228   (8 .98)   173   (6 .81)   185   (7 .28)     –    10      (22)     –  
    80  40  (580) 3    200   (7 .87)   200   (7 .87) 200   (7 .87)   235   (9 .25)   173   (6 .81)   200   (7 .87) 191      (7 .50)   12      (27)   13     (29)  
  100 16  (232) 4    250   (9 .84)   250   (9 .84) 250   (9 .84)   286 (11.26)   233   (9 .17)   220   (8 .66) 228      (8 .98)   15      (33)   18     (40) * 
  125 16  (232) –    250   (9 .84)   250   (9 .84)     –    297 (11.69)   233   (9 .17)   250   (9 .84)     –    19      (42)     –  
  150 16  (232) 6    300 (11.81)   300 (11.81) 300 (11.81)   327 (12.87)   257 (10.12)   285 (11.22) 279    (10 .98)   22      (49)   26     (58) * 
  200 10  (145) 8    350 (13.78)   350 (13.78) 350 (13.78)   385 (15.16)   291 (11.46)   340 (13.39) 343    (13 .50)   34      (75)   42     (95) * 
  250 10  (145) 10   400 (15.75)   400 (15.75) 400 (15.75)   437 (17.20)   331 (13.03)   395 (15.55) 406    (16 .00)   48    (107)   64   (140) * 
  300 10  (145) 12   500 (19.69)   500 (19.69) 500 (19.69)   500 (19.69)   381 (15.00)   445 (17.52) 533    (21 .00)   58    (128)   94   (210) * 
  350 10  (145) 14   500 (19.69)   550 (21.65) 700 (27.56)   548 (21.57)   428 (16.85)   505 (19.88) 597    (23 .50)   78    (172) 129  (285) * 
  400 10  (145) 16   600 (23.62)   600 (23.62) 800 (31.50)   606 (23.86)   483 (19.02)   565 (22.24) 635    (25 .00)   98    (217) 165  (365) * 
  500 10  (145) 20   600 (23.62)       –  800 (31.50)   651 (25.63)   533 (20.98)   670 (26.38) 699    (27 .50) 128   (283) 223  (492) * 
  600 10  (145) 24   600 (23.62)       –  800 (31.50)   820 (32.28)   585 (23.03)   780 (30.71) 813    (32 .00) 164   (362) 306  (675) * 
  700 10  (145) 28   700 (27.56)       –  flanges   937 (36.89)   694 (27.32)   895 (35.24) 245   (540) 
  800 10  (145) 32   800 (31.50)       –  to  A W W A ,: 1058 (41.65)   922 (36.30) 1015 (39.96) 328   (724) 
  900 10  (145) 36   900 (35.43)       –  d im ensions 1164 (45.83) 1026 (40.39) 1115 (43.90) 42   (1000) 
1000 10  (145) 40 1000 (39.37)       –  on  request 1278 (50.31) 1132 (44.57) 1230 (48.43) 

flanges 
to  A W W A ,: 
d im ensions 
on  request 507 (1118) 

flanges 
to  A W W A :, 
d im ensions 
on  request 

* w e igh t w ith  D IN -flanges, see  co lum n “P N ” 
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Dimensions in mm (inch) 

 
DN 10 - 40 / 3/8” - 1

1/2”  
  

Tolerance details 
for fitting length dimension ”a” 

  
 to DIN 2501 and ANSI B 16.5 
 D N  ≤ 300  / ≤ 12”: ± 0 .5  % , 
                             m in . ± 1  m m  / ± 0 .04” 
 D N  ≥ 350  / ≥ 14”: ± 0 .5  %  
  
 to ISO DIS 13 359 
 D N  ≤ 200  / ≤   8 ”: +0  / -3  
 D N  ≥ 250  / ≥ 10”: +0  / -5  
  
  
  
  
   
  

   
DN 50 - 300 / 2” - 12”   
   

  
  
  
  
  
  
  
  
  
  
  
  
  
  

 
  

   
   
DN 350 - 2000 / 14” - 80”   
   

  
  
  
  
  
  
  
  
  
  
  

   

160 (6 .30”) 
136 (5 .35”) 
  98  (3 .86”) 

208 (8 .19”) 
140 (5 .51”) 
  78  (3 .07”) 

208 (8 .19”) 
140 (5 .51”) 
  78  (3 .07”) 

160 (6 .30”) 
136 (5 .35”) 
  98  (3 .86”) 

Ø
D

 
Ø

D
 

Ø
D

 

b 
b 

b 

c  

c 

c 

a 

a 

a 

 7
1 

(2
.8

0”
) 

10
5 

(4
.1

3”
) 

16
5 

(6
.5

0”
) 

 7
1 

(2
.8

0”
) 

10
5 

(4
.1

3”
) 

16
5 

(6
.5

0”
)  
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11 Limits 

 
PLEASE NOTE ! 
 
• The limits specified in the table for process temperature and operating pressure make 

allowance for the tube liner and the flange standard. Refer also to the footnotes. 
 
• At ambient temperatures of +40 to +60 °C or +104 to +140 °F the product temperature 

may not be higher than +60 °C or +140 °F.  
 
 
Limits for pressure and temperature 
 
Liner Flange   M ax. operating pressure in bar (psig)  a t a  process tem peratu re  o f ... 
 S tandard N om ina l d iam eter P ressure  ra ting S  ≤20°C  (≤68°F) ≤40°C  (≤105°F) ≤60°C  (≤140°F) ≤80°C  (≤176°F) ≤90°C  (≤195°F) 
   C lasse O            
PTFE D IN  2501 D N  10 –  20 P N  40 S  40 (580) 40 (580) 40 (580) 40 (580) 40 (580) 
 A N S I B  16.5  3/8" –  3/4" 150 lb  S  19.7  (285) 19.6  (284) 19.0  (275) 18.7  (271) 18.1  (262) 
   300 lb  O    on request  
Polypropylen D IN  2501 D N  25 –  50, D N  80 P N  40 S  40 (580) 40 (580) 40 (580) 40 (580) 40 (580) 
  D N  65, D N  100 - 150 P N  16 S  16 (230) 16 (230) 16 (230) 16 (230) 16 (230) 
 A N S I B  16.5  1" –  6" 150 lb  S  19.7  (285) 19.6  (284) 19.0  (275) 18.7  (271) 18.1  (262) 
   300 lb  O    on request 
Hard rubber D IN  2501 D N  200 –  1000  P N  10 S  10 (150) 10 (150) 10 (150) 10 (150) -  
   P N  16 O  16 (230) 16 (230) 16 (230) 16 (230) -  
  ≥ D N  1200 P N  6 / 2 .5  -    on  request  
 A N S I B  16.5    8" 150 lb  S  19.7  (285) 19.6  (284) 19.0  (275) 18.7  (271) -  
   300 lb  O  23.6  (342) 23.6  (342) 23.4  (342) 22.5  (342) -  
  10" 150 lb  S  19.7  (285) 19.6  (284) 19.0  (275) 18.7  (271) -  
   300 lb  O  32.1  (465) 32.1  (465) 32.1  (465) 32.1  (465) -  
  12" 150 / 300 lb  S /O  19.7  (285) 19.6  (284) 19.0  (275) 18.3  (265) -  
  14" 150 / 300 lb  S /O  17.8  (258) 17.8  (258) 17.6  (255) 16.9  (245) -  
  16" 150 / 300 lb  S /O  15.6  (226) 15.6  (226) 15.4  (223) 14.8  (214) -  
  18" 150 / 300 lb  S /O  13.8  (200) 13.8  (200) 13.7  (198) 13.1  (190) -  
  20" 150 / 300 lb  S /O  12.4  (179) 12.4  (179) 12.3  (178) 11.8  (171) -  
  22" 150 / 300 lb  S /O  11.2  (162) 11.2  (162) 11.2  (162) 10.7  (155) -  
  24" 150 / 300 lb  S /O  14.2  (205) 14.2  (205) 14.1  (204) 13.6  (197) -  
  28" - 40" - -   on request  
 A W W A  ≥ 14" B  S    6    (90)   6    (90)   6    (90)   6    (90) -  
   D  O  10 (150) 10 (150) 10 (150) 10 (150) -  

 
S = Standard 
O = Option 
 
 
Vacuum load  
 
 
Liner Meter size   Min. operating pressure in m bar abs. (psia)  a t p roduct tem perature  o f ... 
 D N  m m  inches ≤20°C  (≤68°F ) ≤40°C  (≤105°F ) ≤60°C  (≤140°F ) ≤80°C  (≤176°F ) 
PTFE D N  10 –  20   3/8" –  3/4" 0  (0 ) 0  (0 ) 0  (0 ) 0  (0 ) 
Polypropylene D N  25 –  150  1" –  6" 250 (3 .6) 250 (3 .6) 400 (5 .8) 400 (5 .8) 
Hard rubber D N  200 –  3000  8  –  120  250 (3 .6) 250 (3 .6) 400 (5 .8) 400 (5 .8) 
 D N  350 –  1000  14  –  40   500 (7 .3) 500 (7 .3) 600 (8 .7) 600 (8 .7) 
 ≥ D N  1200  ≥ 48" on  request on  request on  request on  request 
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If you need to return flowmeters for testing or repair to KROHNE 

 

Your electromagnetic flowmeter 
• has been carefully manufactured and 

tested by a company with ISO 9001 
certification 

• and volumetrically calibrated in one of the 
world’s most accurate test rigs. 

 

If installed and operated in accordance with 
these operating instructions, your flowmeter 
will rarely present any problems. 
 

Should you nevertheless need to return a 
flowmeter for checkout or repair, please pay 
strict attention to the following points: 
 

Due to statutory regulations concerning 
protection of the environment and the health 
and safety of our personnel, Krohne may only 
handle, test and repair returned flowmeters 
that have been in contact with liquids if it is 
possible to do so without risk to personnel 
and environment. This means that Krohne 
can only service your flowmeter if it is 

accompanied by a certificate in line with the 
following model confirming that the flowmeter is 
safe to handle. 
 
If the flowmeter has been operated with toxic, 
caustic, flammable or water-endangering 
liquids, you are kindly requested 
• to check and ensure, if necessary by rinsing 

or neutralizing, that all cavities in the 
flowmeter are free from suchdangerous 
substances. 
(Directions on how you can find out whether 
the primary head has to be opened and then 
flushed out or neutralized are obtainable 
from Krohne on request.) 

• to enclose a certificate with the flowmeter 
confirming that the flowmeter is safe to 
handle and stating the liquid used. 

 
KROHNE regret that they cannot service your 
flowmeter unless accompanied by such a 
certificate. 

 

S P E C I M E N   certificate 
 
Company: ……………………………………….. Address: …………………………………………… 
  
Department: …………………………………….. Name: ……………………………………………… 
  
Tel. No.: ………………………………………….  
  
  
The enclosed electromagnetic flowmeter 
  
Type: …………………………………………….. KROHNE Order No. or Series No ……………… 
  
has been operated with the following liquid: …………………………………………………………….. 
  
Because this liquid is 
               water-endangering * / toxic * / caustic * /  flammable * 
we have 
–  checked that all cavities in the flowmeter are free from such substances * 
–  flushed out and neutralized all cavities in the flowmeter * 
(* delete if not applicable) 
We confirm that there is no risk to man or environment through any residual liquid contained in 
this flowmeter. 
 

Date: ………………………….. Signature: …………………………………………………………….. 
 
Company stamp: 
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Signal converter IFC 010 and IFC 020

• For electromagnetic flowmeters

• Standard low cost converter for non-hazardous appplications 
(IFC 010)

• Standard converter with HART
®
 and 

RS 485 interface (IFC 020)

• Forward/reverse flow measurement 

The signal converter IFC 010/010 with microprocessor are suitable for Eco-, Aqua-, Alto-, Profi-, Variflux.

Functions and data can be set via PC or handheld terminal.

Technical Data                    

IFC 010 IFC 020

Version B - version without display / control unit (basic version)
D - version with display / control unit

With display / control unit HART  and RS 485
Interfaces

Option:
- CONFIG-software and RS 232-adapter for control via MS-DOS-PC, connection to IMoCOM interface( 010/020)
- Hand-Held-Terminal for control of blind versions (010)
- Other bus and computer interfaces in preparation (010)

Current Output
Function
Current
Active output
Passive output

Error identification
Forward / reverse measurement

all operating data settable, galvanically isolated
0 - 20 mA or 4 - 20 mA
load max. 500 ohms
external voltage: 15...20 V DC   20...32 V DC
load: min...max.: 0...500 ohms   250...750 Ω
0 / 3.6 / 22 mA
direction identified via status output

Status output (passive)
Function
Connection

settable as indicator for flow direction, errors or trip point
external voltage: extern, Uext. ≤ 30 V DC /  ≤ 24 V AC
load current: Imax ≤ 150 mA

Control input (passive)
only IFC 020 E

Function

Control signals

- - settable for totalizer reset, set outputs to min. 
  values or hold actual output values
- initiate function by “low” or “high” control signals

- Umax:  24  V AC 32 V DC (any polarity)
low:    ≤ 1,4  V ≤  2 V
high:    ≥   3 V ≥  4 V

Housing
Material
Protection category
( IEC 529 / EN 60529)

polycarbonate (PC) polycarbonate (PC) and die-cast aluminium

IP 65 equivalent to NEMA 4 / 4X IP 65 equivalent to NEMA 4 / 4X



Krohne Messtechnik GmbH & Co. KG
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47058 Duisburg

Federal Republic of Germany
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Subject to change without notice.
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Time constant 0.2 to 99.9 seconds, settable in increments of 0.1 second

Low-flow cutoff cutoff “on” value: 1 to 19%, of Q100, adjustable in 1% increments
cutoff “off” value: 2 to 20%, of Q100, adjustable in 1% increments

Pulse Ouput
Function

Pulse rate for Q = 100%

Active output:

Passive output:

Pulse width
Forward / reverse measurement

- all operating data settable
- galvanically isolated
- digital pulse division, interpulse period non-uniform, therefore if frequency meters connected
  allow for minimum counting intervall:

gate time, totalizer ≥ 
1000

P [Hz]100%

10, 100 or 1000 pulses per second (= Hz), fixed or optionally adjustable in pulse per liter,
m3 or US gallons
connection: electronic totalizer (EC)
internal voltage: approx. 15 V DC, from current output
load rating: I max  < 23 mA when operated without current output

I max  <   3 mA when operated with current output
connection electromechanical (EMC) or electronical (EC) totalizers
external voltage: Uext. ≤ 30 V DC / ≤ 24 V DC
load current: I max ≤ 150 mA
- 50, 100, 200 or 500 ms, selectable with frequencies below 10 Hz
direction identified via status indication output

Power supply Converter 1. AC-Version
Standard

2. AC-Version
Option

3. AC-Version
Option (not IFC 020 E)

DC-Version
Option*

1. Rated voltage
    tolerance band

IFC 010 230 / 240 V
200 - 260 V

200 V
170 - 220 V

48 V
41 - 43 V

24 V
11 - 32 V

IFC 020 230 / 240 V
200 - 260 V

200 V
170 - 220 V

48 V
41 - 43 V -

2. Rated voltage
    tolerance band

IFC 010 / IFC 020 115 / 120 V
100 - 130 V

100 V
  85 - 110 V

24 V
20 - 26 V

-
-

Frequency IFC 010 / IFC 020 48 - 63 Hz -

Power consumption IFC 010 / IFC 020 Approx. 5 VA Approx 4.5 W

        When connetced to a functional extra-low voltage, protective separation (PELV) must be ensured ( VDE 0100 / VDE 0106
        and IEC 364 /
        * IVC 020 E in preparing

Local display (D versions only) 3-line LCD
Display functions actual flowrate, forward, reverse and sum totalizers (7-digit)

or 25-character bar graph with percent display and status messages
Display units: actual flowrate settable in liter/s, m 3 /h, US gallons/min or user-defined unit,

e. g. hectoliter/day or US million gallons/day
totalizers liter, m3

 or US gallons and 1 user-defined unit
(e.g. hectoliter), selectable overflow time

Language of plain texts English, German, French, others on request
Display: 1st (top) line 8-character, 7-segment numeral and sign display,

symbols for key acknowledgement
2nd (middle) line 10-character, 14-segment text display
3rd (bottom) line  6 markers ∇ to identify display
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Limitorque LY-MOD 20 Integral Control Diagram Dwg 17-500-0008-3, Rev 
A. 
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Limitorque PT20SD Position Transmitter Calibration Instructions 
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Limitorque (Mead O’Brien, Inc.) Dwg No. I33762 (dimensioned drawing of 
Milliken 6” valve with Limitorque Actuator) 
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Limitorque Dwg 03-459-0077-1, Rev E (1-22-92), LY-1001 Unit with A1 Top 
Mount Integral Compartment) 
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Modutronic 20 II Installation & Maintenance Manual

©2003 Copyright Limitorque. All rights reserved. 
Printed in the United States of America.

Disclaimer
No part of this book shall be reproduced, stored in a retrieval system, or transmitted by any
means, electronic, mechanical, photocopying, recording, or otherwise without written
permission from Limitorque. While every precaution has been taken in the preparation of the
book, the publisher assumes no responsibility for errors or omissions. Neither is any liability
assumed for damages resulting from the use of the information contained herein.

This document is the proprietary information of Limitorque furnished for customer use ONLY.
No other uses are authorized without written permission from Limitorque.

Limitorque reserves the right to make changes, without notice, to this document and the
products it describes. Limitorque shall not be liable for technical or editorial errors or omissions
made herein; nor for incidental or consequential damages resulting from the furnishing, perfor-
mance, or use of this document.

The choice of system components is the responsibility of the buyer, and how they are used
cannot be the liability of Limitorque. However, Limitorque’s sales team and application engineers
are always available to assist you in making your decision.

This manual contains information that is correct to the best of Limitorque’s knowledge. It is
intended to be a guide and should not be considered as a sole source of technical instruction,
replacing good technical judgment, since all possible situations cannot be anticipated. If there is
any doubt as to the exact installation, configuration, and/or use, call Limitorque at (434) 528-
4400. The latest revisions to this document are available online at http://www.limitorque.com
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1 Introduction

1.1 Safety Information

This Installation & Maintenance Manual was written for the user who is adding Modutronic 20 II
capability to an existing actuator or who wants to adjust and/or troubleshoot a previously
installed Modutronic 20 II Controller. These guidelines provide the information that is necessary
to correctly install, set up, calibrate, and troubleshoot the Modutronic 20 II Controller. 

Your safety and satisfaction are very important to Limitorque. Please follow all instructions
carefully and pay special attention to safety.

The following methods will be used to emphasize text throughout this manual:

a WARNING: Refers to personal safety. This alerts the reader to potential danger or harm.
Failure to follow the advice in warning notices could result in personal injury or death.

CAUTION: Directs attention to general precautions, which, if not followed, could result in
personal injury and/or equipment damage.

NOTE: Highlights information critical to the understanding or use of these products.

Bold text highlights other important information that is critical to system 
components.

CAPITALIZED text stresses attention to the details of the procedure.

Underlined text emphasizes crucial words in sentences that could be misunderstood if the word
is not recognized.

The purpose of these emphasized blocks of text is to alert the reader to possible hazards asso-
ciated with the equipment and the precautions that can be taken to reduce the risk of personal
injury and damage to the equipment.

Read and become familiar with the material in these guidelines before attempting installation,
operation, or maintenance of the equipment. Failure to observe precautions could result in
serious bodily injury, damage to the equipment, or operational difficulty.

a WARNING: Read this Installation & Maintenance Manual carefully and completely before
attempting to install or operate the Modutronic 20 II. Be aware of electrical hazards when
installing or performing maintenance on the Modutronic.

Flow Control Division

Limitorque Actuation Systems
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1.2 Product Identification

Figure 1.1 – Modutronic 20 II

1.3 Product Description

The Modutronic 20 IITM is a solid state-integrated circuit-based controller. It is used to operate
electric valve actuators in wastewater, petrochemical, and other industry applications requiring
accurate modulation positioning. The standard input consists of a 4-20 mA signal generated by a
process controller; the resulting output is used to accurately and repeatably position a valve
actuator through conventional or solid state switching of either single or three-phase AC power. 

1.4 Product Features

• Accuracy and repeatability of positioning within 1% of full-scale for actuator stroke times > 30
seconds.

• Solid state circuitry for longer life and reliable service.
• 4-20 mA command signal.
• Can be used to control single or three-phase systems.
• Jumper selectable Lock-in-Last or Fail-Closed configurations if command signal is lost.
• Five parameters available for adjustment allows actuator/application match.
• Adjustable ON and OFF motor control timers.
• LED indicators display signal, power, and control status to simplify calibration and monitor

performance.

LIMITO RQUE

CO RPORATIO N

LYNCHBURG, VA USA

MODUTRONIC
20

MODEL II

CLOSE

OPEN
CLOSE

SPAN
GAIN

POWER ON

INPUT ACTIVE

ON TIME

OFF TIME

Zero, Span,
Gain Calibration
Potentiometers

61-825-0713-1

SALES/SERVICE

804-528-4400

Status
Indicator Lights

On-Time/Off-Time
Calibration
Potentiometers

Cover

Open/Close
Indicator
Lights

Wiring
Harness

1 2 3 4 5 6 7 8 9 10
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1.5 Product Specifications

Modutronic 20 II Specifications
Power Requirements Derived from actuator supply

Board power 18 VAC or 24 VDC (±10%).3VA
Control Signal 4-20 mA 
Accuracy Within ±1% (>30 second stroke)
Loss of Command Fail-to-last-position
Signal Selections Fail-to-minimum-signal-position
Temperature -40°C to +85°C (operating)
Maximum Starts Solid state reverser–600/hour
Per Hour Electromagnetic contactor–100/hour
Maximum direct Motor current–4.5 A Inrush, 3 A Holding
output loading
Dimensions Mod 20–1.5"H x 3.25"W x 4"L

Separate enclosure
11.7"H x 12.75"W x 17.4"L

Deadband Adjustable between 1% and 10%
Resolution 1%
Linearity 1%
Humidity To 95% (non-condensing)

Flow Control Division
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2 Operation

The Modutronic 20 II receives an input signal, normally 4-20 mA, from the external process
controller. This signal is compared (within the Mod 20 II circuitry) to the present position of the
actuator as indicated by the signal from the Feedback Potentiometer attached to the gear train of
the actuator. The comparison of these two signals generates an error signal that dictates the
direction and distance the actuator needs to be driven.

Upon generation of the error signal, the appropriate output triac is enabled and 115-volt control
power is directed to the output contactor (this may be an electro-mechanical contactor or a solid
state reverser depending upon the application).

As the actuator drives toward the set-point, it enters a region surrounding the set-point where the
control function within the Mod 20 II changes from a continuous power application to a pulsing
mode (proportional band). The Mod 20 II continuously compares the valve’s actual position to the
desired set-point through its circuitry; motor pulsing is continued until the actuator is accurately
positioned at the set-point. The point in the valve travel at which the pulsing mode is enabled and
spacing/duration of the pulses are all user adjustable on the Mod 20 II. 

Figure 2.1 – LY with a Modutronic 20 II & Associated Actuator Components

Motor

Feedback
Pot
(X2)

Control
 Transformer

4-20 mA out

Interconnect
Board

Gearing to
valve stem

Conventional
contactor or

soild state
reverser

Single or
Three-Phase

Power

Input
4-20
mA

L1

L3
L2

Actuator Body

MDPI

Motor
Compartment

Control
Compartment

R-1
Converter
(Optional)

Mod 20 II
3
4 Feed- Motor
18 back Control
VAC IN IN/OUT
1 2 3 4 5 6 7 8 9 1 0
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3 Definitions

Figure 3.1 – Calibration Positions

Command Signal Input signal provided by user to assign the desired valve position.
Deadband Adjusts the maximum allowable error signal. (Difference between the Position
Command Signal and Position Feedback Potentiometer Signal). Selectable on the Mod 20 II DIP
Switch. See Table 6.1 for DIP Switch setting chart.
Proportional Band (Pulsing Window) controls the point on the scale of valve travel that the
motor begins the pulsing mode. (Increasing GAIN decreases the window width). 
• Adjusting the GAIN Potentiometer fully CW        (increasing GAIN/decreasing pulsing window),

sets the GAIN to its maximum setting causing the motor to run continuously up to the Set-
Point before power is turned off from the motor. 

• Adjusting the GAIN Potentiometer CCW        (decreasing GAIN/increasing pulsing window),
causes the Mod 20 II to begin to “pulse” the motor on and off as it approaches the Set-Point.

On Time Adjusts the time that the electro-mechanical contactors or Solid State Reversers are
engaged while in the pulsing window.
Off Time Adjusts the time that the electro-mechanical contactors or Solid State Reversers or
Solid State Reversers are disengaged while in the pulsing window.
Set-Point Desired stopping position for Mod 20 II; determined by the Command Signal.
Span Calibrates the Mod 20 II to align the Maximum Command Signal (normally 20 mA) with
the Position Feedback Potentiometer at the open position.
Zero Calibrates the Mod 20 II to align the Minimum Command Signal (normally 4 mA) with the
Position Feedback Potentiometer at the close position.
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4 Initial Checkout & Setup

4.1 Verify Correct Motor Rotation (Phasing) & OPEN/CLOSE
Pushbutton Operation

It is very important to check for correct motor rotation to insure that serious damage to the valve
or other equipment does not occur. If the actuator motor rotates in the wrong direction, over-
torque damage could occur to the equipment.

Prior to being shipped from the factory, each actuator is inspected to verify proper operation of
the Torque and Position Limit Switch and to ensure that they function correctly (i.e. closes when
the CLOSE pushbutton is depressed, opens with the OPEN pushbutton, etc.). These inspections are
made with a properly phased power source connected as described in the actuator manual. 

CAUTION: To ensure proper operation and to prevent your actuator or other actuated
equipment from damage, verify that your unit is properly connected to its power source.

NOTE: Your application may vary from the following standard wiring configurations for three-
phase, single-phase, and DC motors. Refer to your actuator wiring diagram for user-specific
wiring configuration.

Three-Phase Motor
1. Using the Handwheel, move the valve to a midtravel position (midtravel position allows elec-

trical operation in the valve “safe” area and keeps the OPEN and CLOSED Limit Switches from
tripping while testing motor direction).

2. Test motor direction by momentarily pressing the OPEN pushbutton:
a. If the actuator moves toward CLOSED, immediately turn all power OFF and reverse the

motor leads T1 and T3.
NOTE: Refer to your actuator wiring diagram for user-specific wiring configuration.

b. If the actuator moves toward OPEN, the motor is wired properly for the application.

Single-Phase Motor
1. Using the Handwheel, move the valve to a midtravel position (midtravel position allows elec-

trical operation in the valve “safe” area and keeps the OPEN and CLOSED limit switches from
tripping while testing motor direction).

2. Test motor direction by momentarily pressing the OPEN pushbutton:
a. If the actuator moves toward CLOSED, immediately turn power OFF and proceed with the

following instructions that match your application.
1. Permanent Split Capacitor single phase motors can be connected for opposite rotation

by interchanging the leads T1 and T2 coming from the motor to the terminal strip.
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2. Single voltage, capacitor start, induction run, single phase motors interchange leads
T2 and T3 coming from the motor to the terminal strip.

3. Dual voltage, capacitor start, induction run, single phase motors can be connected for
opposite rotation but the connection depends on whether the motor is operated on low
voltage or operated on high voltage.
•  Low voltage motors are connected for opposite rotation as shown in the changes

between the Standard Rotation configuration and the Reverse Rotation configuration in
Figure 4.1. This is accomplished by interchanging the two leads T1 and T3 coming
from the motor with the two leads T6 and T8 also coming from the motor. No other
changes are necessary.

Figure 4.1 – Standard Motor Rotation & Reverse Motor Rotation Wiring Diagrams for Dual
Voltage, Capacitor Start, Induction Run, and Single-Phase Low-Voltage Motors

• High voltage motors are connected for opposite rotation as shown in the changes
between the Standard Rotation configuration and the Reverse Rotation configuration in
Figure 4.2. This is accomplished by interchanging two set of leads. First, interchange
the leads T1 and T8 coming from the motor. Second, interchange leads T3 and T6 at
the starting relays R1 and R2. No other changes are necessary.

Figure 4.2 – Standard Motor Rotation & Reverse Motor Rotation Wiring Diagrams for Dual
Voltage, Capacitor Start, Induction Run, and Single-Phase High-Voltage Motors

b) Test Motor direction again by momentarily pressing the OPEN pushbutton. If the 
actuator moves toward OPEN, the motor is wired properly for the application. If not, check
the wiring diagram for proper wiring.
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4.2 Verify Limit Switch & Torque Switch Settings

Set the OPEN and CLOSE Limit Switch and the Torque Switch according to the instructions in
the specific Actuator instruction manual. 

4.3 Adjusting the Actuator Feedback Potentiometer

a WARNING: Hazardous Voltage. Turn power OFF before calibrating the Feedback
Potentiometer.

1. Shut off all power to the actuator.
2. Using the Handwheel, position the actuator to mid-travel (valve at the 50% position).
3. Disconnect the Potentiometer Wiring Harness from where it is plugged in or 

connected to a Terminal Strip.
4. Using an Ohm Meter verify that the Potentiometer is in mid-travel position. The resistance

from each End Connection to the Center Connection should be half of the full resistance of the
Potentiometer. Example: 1000 ohm Potentiometer should read approximately 500 ohms from
one of the End Connections to the Center Connection.

Figure 4.3 – Potentiometer Calibration Components Shown on a LY Position Indicator

5. If the reading is not correct, proceed to Step 6. If the reading is correct proceed to Step 7.
6. a. Loosen the small Set Screw that retains the Potentiometer Drive Spur Gear to the

Potentiometer Shaft.
b. Remove the Spur Gear to allow manual rotation of the Potentiometer Shaft.
c. Rotate the Potentiometer Shaft until the correct readings are obtained as described in 

Step 4.
d. Reposition the Spur Gear to re-engage with the Gear Train.
e. Proceed to Step 7.

7. Disconnect the Ohm Meter and re-connect the Potentiometer wiring to original connection. 
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4.4 Connecting the Mod 20 II to Customer Command 
Signal Leads 

a WARNING: Hazardous Voltage. Turn power OFF before removing the actuator cover and
connecting the command signal.

If the Mod 20 II was factory installed, the only connection required is the user input command
signal leads (normally 4-20mA). These connections should be made at the terminal strip in
accordance with the wiring diagram enclosed with the actuator. 
NOTE: if the unit does not have Limitorque supplied pushbuttons, refer to your wiring diagram to
install a customer supplied pushbutton station.

If retrofitting or adding a Mod 20 II to an existing actuator, use the following connections table
and your wiring diagram for wire lead designations.

Table 4.1 – Modutronic 20 II Terminal Connections
L120 Non-Compact

Mod 20 II Integral P.C. Board
Terminals Description (61-825-0337-3)
P1-1 18 Volt AC 18 Volt AC See Note
P1-2 18 Volt AC Power Source See Note
P1-3 Negative 4-20 mA signal TB1-5 -4-20 mA
P1-4 Positive 4-20 mA signal TB1-4 +4-20 mA
P1-5 Potentiometer TB1-8
P1-6 Potentiometer (wiper) TB1-9
P1-7 Potentiometer TB1-10
P1-8 115 Volt AC (output common) TB2-5
P1-9 Close Contactor Output TB2-6
P1-10 Open Contactor Output TB2-7
Note: To Terminal Strip or Control Power Transformer with 18-Volt tap.

}
}
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5 Mod 20 II Presets

a WARNING: Hazardous Voltage. Turn power OFF before removing the actuator cover and
connecting your command signal.

1. Shut off all power to the actuator to avoid equipment damage or personal injury.
2. Rotate the GAIN Potentiometer fully CCW        , then 15 turns CW        to reach the midpoint of

the Potentiometer. (See Figure 6.3 for Potentiometer locations).
Note: Each 30-turn Potentiometer will faintly ‘click’ when rotated to either the maximum or mini-
mum position.
3. Rotate the ZERO Potentiometer fully CCW        , then 15 turns CW        to reach the midpoint

of the Potentiometer. 
4. Rotate the SPAN Potentiometer fully CCW        , then 15 turns CW        to reach the midpoint

of the Potentiometer.
5. The following initial adjustments to the ON TIME and OFF TIME Potentiometers should be

made to establish the proper pulsing sequence and duration for both electro-mechanical and
solid state contactors.
a. Electro-mechanical contactor

1. Rotate ON TIME and OFF TIME Potentiometers fully CCW        , then 15 turns 
CW        to the midpoint of the Potentiometer.

2. Rotate both the ON TIME and OFF TIME Potentiometers the number of times indicated in
the Table 5.1 to obtain the desired operating time.

Table 5.1 – ON/OFF Potentiometer Turns for Desired Operating Time
Operation
Time On Time Off Time
<60 seconds 11 turns CW 30 turns CW
60-120 seconds 13 turns CW 30 turns CW
120 or > seconds 17 turns CW 25 turns CW

b. Solid state reversers
1. Rotate ON TIME and OFF TIME Potentiometers fully CCW        .
2. Rotate ON TIME Potentiometer 6 turns CW        .
3. Rotate OFF TIME Potentiometer 8 turns CW       .
4. This will provide a .04 second ON pulse and a .5 second OFF pulse.

NOTE: a. Rotating the ON TIME Potentiometer CW        will increase the ON time.
b. Rotating the OFF TIME Potentiometer CW        will increase the OFF time.
c. Adjusting one control (ON or OFF TIME Potentiometer) will affect the 

adjustment of the other control (ON or OFF Time Potentiometer).
NOTE: a. Electro-mechanical Starters should not exceed 100 total starts per hour. 

b. Solid State Reversers should not exceed 600 total starts per hour.
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6 Calibration Procedure

a WARNING: Hazardous Voltage in Control Compartment. Exercise caution while calibrating
the Mod 20 II with the Actuator Control Compartment open and power ON.

The purpose of performing the calibration procedure is to achieve the maximum accuracy
obtainable for each particular actuator application while providing stable operation. The actuator
gear ratio and many other factors determine the optimum calibration settings.

Four DIP Switches mounted on the Mod 20 II, as well as the ZERO, SPAN, GAIN, ON TIME,
and OFF TIME potentiometers, are used to obtain the proper settings for your application. This
procedure will proceed from the most accurate settings to the least accurate settings until unit
stability is achieved. 

Figure 6.1 – Calibration Adjustments for the Modutronic 20 II

1. Turn all power to the actuator OFF.
2. Verify that the procedures for the Initial Checkout & Setup (pages 4-1 through 4-4) and Mod

20 II Presets (page 5-1) have been properly completed.
3. To simulate a command signal, connect the mA Calibrator to the Command Input Leads on

the Mod 20 II. These terminations are typically connected to the actuator Interconnect Board
or if the Mod 20 II is panel mounted, on the Rear Terminal Strip of the panel mount. In either
case, these leads are labeled on your wiring diagram and will lead to connections 3 (P1-3[-])
and 4 (P1-4[+]) on the Mod 20 II.
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Figure 6.2 – mA Calibrator Typically Connects (suggest Altek Model 334, www.altekcalibrators.com)
to an Interconnect Board Terminal Strip or Terminal Strips Located in the Rear of a
Panel-Mounted Mod 20 II

4. Set the Mod 20 II DIP Switch #3 to the ON position and DIP switch #s 1, 2, and 4 to the OFF
position. This will set the error margin (DEADBAND) to 1% accuracy.

Figure 6.3 – Modutronic 20 II Board Component Locations
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Table 6.1 – DIP Switch Setting Levels of Deadband Accuracy
Dip Switch Number

Deadband Percentage 1 2 3 4
± .5% Off Off Off On
± 1% Off Off On Off
± 1.5% Off Off On On
± 2.5% Off On Off Off
± 3.0% Off On Off On
± 3.5% Off On On Off
± 4.0% Off On On On
± 6.0% On Off Off Off
± 6.5% On Off Off On
± 7.0% On Off On Off
± 7.5% On Off On On
± 8.5% On On Off Off
± 9.0% On On Off Off
± 9.5% On On On Off
± 10.0% On On On On

a WARNING: Hazardous Voltage in Control Compartment. Exercise caution while calibrating
the Mod 20 II with the Actuator Control Compartment open and power ON.

5. Set the mA Calibrator for the minimum signal level (normally 4 mA). The INPUT ACTIVE LED
on the Mod 20 II should be illuminated. If not, reverse the polarity of the mA calibrator
connections.

6. If the Actuator is equipped with an AUTO/MANUAL or LOCAL/REMOTE selector switch, turn
the selector to the AUTO or REMOTE position.

7. Apply power to the Actuator and the Mod 20 II. The POWER ON LED on the Mod 20 II should
be illuminated.

8. The Actuator may run in either direction and then stop; 
a. If the unit stops, proceed to Step 9. 
b. If the unit hunts back and forth, decrease the DEADBAND accuracy by changing the DIP

Switch setting (refer to Table 6.1). Continue to Step 9.
c. If the unit runs all the way to one end of travel and stops, the Potentiometer Leads are prob-

ably wired backwards; reverse the Feedback Potentiometer’s polarity by reversing the end
leads at the Terminal Strip or on the Interconnect Board (if your application uses the
Compact Integral Interconnect Board, the Plug-in Harness from the Pot to the Interconnect
Board can be rotated 180˚ to reverse the polarity).

9. Adjust the ZERO point. This step calibrates the minimum or zero set-point to correspond to
the end-of-travel of the Actuator and of the Feedback Potentiometer. Rotate the ZERO control
slowly in the CW        direction. This will cause the Actuator to be driven slowly towards the
minimum control position (normally CLOSED). Continue rotating the ZERO control CW
until the minimum (CLOSED) Position Limit Switch trips and the motor stops. The CLOSE
LED should illuminate each time the Motor operates.
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10. Adjust the control SPAN. This step calibrates the total SPAN of the control function and sets
the maximum setting to correspond to the end-of-travel of the Actuator and of the Feedback
Potentiometer.
a. Set the mA Calibrator to the maximum command signal (normally 20 mA).
b. The unit may:

1. Run toward the maximum position and stop short of the Position Limit Switch trip
point, or

2. Remain in position.
c. Rotate the SPAN Potentiometer slowly CW        . This will cause the Actuator to move

slowly toward the maximum (normally OPEN) position. Continue rotating the SPAN control
CW        until the maximum (OPEN) Position Limit Switch trips and the motor stops. The
OPEN LED should illuminate each time the Motor operates.

11. After initially setting the ZERO and SPAN setting, use the mA Calibrator to set the Command
Signal back to the minimum setting (usually 4 mA); allow the actuator to run until it stops.
Now fine-tune the ZERO setting for the position where the Limit Switch just trips.

12. Use the mA Calibrator to set the Command Signal back to the maximum setting (usually 20
mA); allow the actuator to run until it stops. Now fine-tune the SPAN setting for the position
where the Limit Switch just trips.

NOTE: If hunting continues during calibration procedure, it may be necessary to temporarily
decrease the GAIN setting or increase the DEADBAND setting to get the ZERO and SPAN settings
calibrated.
13. Adjust the ON TIME (optional). This step adjusts the period of time the Motor is energized in

the pulsing mode when it is approaching the final set-point position.
NOTE: The ON TIME must be adjusted prior to adjusting the OFF TIME. Adjusting the ON TIME
after adjusting the OFF TIME will require repeating the OFF TIME adjustment.

The duration of the ON TIME pulse to the Contactor/Solid State Reverser is increased by
rotating the ON TIME Potentiometer CW        .
14. Adjust the OFF TIME (optional). This step adjusts the period of time the Motor is de-

energized in the pulsing mode when it is approaching the final set-point position. This can
also be described as the interval between ON TIME pulses. The duration of the OFF TIME
pulse to the Contactor/Solid State Reverser is increased by rotating the OFF TIME
Potentiometer CW        . 

15. Adjust the GAIN. This step calibrates the width of the pulsing window around the set-point.
This control works in conjunction with the four DIP Switches located on the Mod 20 II circuit
board to determine the final accuracy of the unit in regard to set point position. The wider the
pulsing window, the greater distance from the set-point the unit enters the pulsing mode. It
is desirable to minimize the pulsing window without causing the Actuator to hunt (oscillate
uncontrollably around the set-point).
a. For the initial calibration, ensure that DIP Switch 3 is ON and Dip Switches #s 1, 2, and 4

are OFF. This will provide 1% DEADBAND.
NOTE: If no DIP Switch is set to the ON position, the actuator will not operate.
b. Make sure the GAIN Pot is at the midpoint, then rotate the GAIN Potentiometer 

one turn CW       .
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c. Start with the mA Calibrator at 4 mA, then make a 5 mA change in the output of the mA
Calibrator to provide a significant change of position; now watch the action of the actuator.
1. If the actuator hunts upon reaching the new set-point, reduce the GAIN control by

turning in the CCW        direction until the hunting stops and proceed to Step e.
2. If the unit continues to hunt after the GAIN control adjustment, proceed to Step d.

d. Rotate the GAIN control fully CCW        and then 15 turns CW        ; adjust the DEAD-
BAND to a less accurate setting and repeat the GAIN setting procedure starting with
Step a. For example, if DIP Switch 3 is ON and DIP Switches 1, 2, and 4 are OFF the
DEADBAND setting is at 1% accuracy; change the DIP Switch setting to 1-1/2% 
accuracy and repeat the procedures 13a through 13e until the correct DIP Switch and
GAIN control eliminates actuator hunting. See Table 6.1 for DIP Switch setting levels of 
deadband accuracy.

e. Rotate the GAIN control an extra 1/2 turn CCW        to eliminate the possibility of future
actuator hunting.

16. Set desired FAIL TO mode. See Figure 6.4. 
a. If LOCK-IN-LAST-POSITION is desired when loss of input signal occurs, install a jumper

at JP1 to connect Pin 1 and 2.
b. If FAIL-TO-4mA-POSITION is desired when loss of input signal occurs, install a jumper

at JP1 to connect Pin 2 and 3.
NOTE: Be sure to use one of the two jumper selections discussed above; FAIL-TO operation will
be forfeited if JP1 is not used.

Figure 6.4 – FAIL TO Mode JP1 Jumper

17. Your Mod 20 II should now be properly calibrated.

Lock-In-Last Fail-to-4 mA-Position
JP1

1  2  3
JP1

1  2  3
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7 Troubleshooting

Symptom Possible Cause Corrective Action
Unit will not operate 1. No power to unit 1a. Verify Power Supply is
electrically in AUTO or electrically correct and present
MANUAL at actuator.

1b. Verify Power Leads are 
connected in accordance with the 
applicable wiring diagram.
1c. Inspect for Blown Fuse, 
tripped Circuit Breaker, or OPEN 
Disconnect Switch.

2. Wiring problems 2a. (LYs with internal Mod 20 II 
board) Check push-on terminal 
between the Integral PC Board 
and the Micro Switches. Check for 
bad Micro Switches on SW 
Station.

3. Starter Wires loose 3a. Check all the connections on 
the Reversing Starter.

4. Thermal overloads have 4a. Measure continuity in the 
tripped circuit. If you have an open 

circuit, wait for the motor to cool, 
then try to operate actuator. You 
may need to reduce the number 
of starts per hour.

Unit will not operate 1. No power to Mod 20 II 1a. Verify incoming 18 VAC 
electrically in AUTO between terminals P1-1 and P1-2 

on Mod 20 II board.

2. Bad Mod 20 II board 2a. Check board for burnt or 
broken components. Bypass Mod 
20 II board using Pushbuttons to 
verify proper operation. See your 
specific wiring diagram for 
bypassing Mod 20 II board.

3. Command Signal Leads 3a. (L120 Interconnect PC Board) 
reversed Check that the Command Signal 

Leads are wired to terminal 
TB16(+) and TB17(-).

continued on next page
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(continued)
Symptom Possible Cause Corrective Action
Unit will not operate 4. Bad Potentiometer 4a. Check the Potentiometer with an 
electrically in AUTO ohm meter electrically in AUTO. 

Unplug the Pot from the Integral PC 
Board and take a meter reading 
between pins 7-1 and 7-2 or 7-2 and 
7-3. The meter should have a steady 
reading. If the meter reading goes to 
zero or jumps around, verify that the 
Pot is centered. Replace the Pot if 
needed. Check for Cables that may 
have been pinched between the 
Housing Cover or Integral Assembly.

5. All DIP switches turned 5a. Check DIP switches. Refer to 
Off Calibration Procedure on page 6-4, 

Step 15a.
Units run in one 1. Shorted output 1a. Verify proper MANUAL direction
direction only operation. Using ammeter, verify 

proper command signal, verify all 
calibrations have been completed 
properly. If you still have difficulty 
calibrating the Mod 20 II after 
verifying the above settings, 
replace the Mod 20 II.

No LOCK-IN-LAST 1. Missing JP1 Jumper 1a. Locate JP1 Jumper on the 
POSITION Mod 20 II board and verify 

connections.
Unit will not follow 1. Bad Potentiometer 1a. Check Pot as discussed in 
signal or Potentiometer is item #7. If Pot is OK, place the 

not centered actuator at 50% and check the 
resistance between terminals 7-1 
and 7-2 or 7-2 and 7-3 with an 
ohm meter. See “Adjusting the 
Actuator Feedback Potentiometer” 
procedure on page 4-3.

Input signal does not 1. Mod 20 II not 1a. See pages 6-1 through 6-5 result
result in full travel of calibrated correctly to review the calibration 
the valve procedure for the Mod 20 II.

2. ZERO and SPAN 2a. Recalibrate according to 
adjustments incorrect procedure on pages 6-1 through 6-5.
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(continued)
Symptom Possible Cause Corrective Action
Large input signal 1. Improper analog 1a. Check for proper Input Signal
variations result in little Input Signal value value.
or no actuator 2. Limit Switch 2a. Check for proper setting. 
movement (See appropriate actuator manual 

for setting the Limit Switches.)
3. DEADBAND 3a. Check the DIP Switch 
adjustment accuracy adjustments shown in 

Table 6.1.
4. ZERO and SPAN 4a. Recalibrate according to 
adjustments procedure in Section 6. 
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8 Wiring Diagram

Please see page 8-2 for Modutronic 20 II Typical 3-Phase Wiring Diagram.
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Figure 8.1 – Modutronic 20 II Typical 3-Phase Wiring Diagram
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Figure 8.1 – Modutronic 20 II Typical 3-Phase Wiring Diagram (continued)
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9 Schematic

Please see page 9-2 for Modutronic 20 II Schematic Diagram.
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Figure 9.1 – Modutronic 20 II Schematic Diagram
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Figure 9.1 – Modutronic 20 II Schematic Diagram (continued)
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1 Introduction

1.1 Purpose

This Installation and Maintenance Manual explains how to install and maintain LY actuators. Information on
installation, disassembly, lubrication, and parts is provided. 

1.2 User Safety 

Safety notices in this manual detail precautions the user must take to reduce the risk of personal injury and damage
to the equipment. The user must read and be familiar with these instructions before attempting installation,
operation, or maintenance. Failure to observe these precautions could result in serious bodily injury, damage to the
equipment, void of warranty, or operational difficulty.

Safety notices are presented in this manual in three forms:

a DANGER: Refers to personal safety. Alerts the user to danger or harm. The hazard or unsafe practice will
result in severe injury or death.

a WARNING: Refers to personal safety. Alerts the user to potential danger. Failure to follow warning notices
could result in personal injury or death.

CAUTION: Directs the user’s attention to general precautions that, if not followed, could result in personal injury
and/or equipment damage.

NOTE: Highlights information critical to the user’s understanding of the actuator’s installation and operation.

Flow Control Division

Limitorque Actuation Systems



1-2 LY Installation and Maintenance for LY 1001, LY 2001 and LY 3001 LMAIM1501

This page is intentionally blank.

Flow Control Division

Limitorque Actuation Systems



LMAIM1501 LY Installation and Maintenance for LY 1001, LY 2001 and LY 3001 2-1

2 Product Capabilities and Features

The LY actuator controls the opening and closing travel of the valve and limits torque through the torque switches provided. As a
result, all valve-operating parts are protected from overload, improper seating, and foreign obstructions.  

LY actuators may be mounted on any size valve in almost any position or location.

Microprocessor-based control and monitoring devices are available for installation on your actuator. Contact your local
Limitorque distributor or Limitorque sales office for further information.

Figure 2.1 – LY Actuator (LY 1001 shown)
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3 Initial Inspection and Storage Instructions

a WARNING: Read this Installation and Maintenance Manual carefully and completely before attempting to store the
actuator. Be aware of electrical hazards within the actuator and high-pressure hazards of the attached valve or other actuated
device when installing or performing maintenance on your LY actuator. 

3.1 Product Identification

The actuator unit nameplate is located on the side of the unit opposite the conduit entry. The nameplate contains
the following information:

• Limitorque name
• Point of Manufacture
• Unit Size
• Serial Number
• Order Number
• Electrical Power Supply 
• Operating Time (seconds)
• Motor Full Load Amperage

Figure 3.1 – LY Nameplate (Reference Drawing 61-682-0108)

3.2 Inspection and Recording

Upon receipt of the actuator, inspect the condition of the equipment and record nameplate information as follows:

1. Carefully remove actuator from shipping carton or skid. Thoroughly examine the equipment for any physical
damage that may have occurred during shipment. If damaged, immediately report the damage to the transport
company.

2. Record the unit nameplate information for future reference, i.e., ordering parts, and obtaining further
information. 
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3.3 Storage Procedures

NOTE: The following are Flowserve’s recommended storage procedures to retain maximum product integrity during
short-term and long-term storage. Failure to comply with recommended procedures will void the warranty. 

3.3.1 Short-Term Storage (less than 1 year)

Actuators should be stored in a clean, dry, protected warehouse, free from excessive vibration and rapid
temperature changes.

Preparation
1. Connect internal heaters, if supplied.
2. Replace all plastic caps or plugs with metal pipe plugs.
3. Ensure all covers are tight.

Outdoor Storage
If actuators must be stored outdoors, they must be stored off the ground, high enough to prevent being immersed
in water or buried in snow.

LY Storage Orientation
Store with the Control Compartment Cover (Limit Switch compartment) facing upward. 
Do not store units on their side.

3.3.2 Long-Term Storage (1 to 5 years)

Actuators should be stored in a clean, dry, protected warehouse, free from excessive vibration and rapid tempera-
ture changes.

NOTE: During long-term storage, the maximum source of equipment deterioration anticipated is from possible
condensation within the actuator enclosure. This condensation may occur with rapid temperature changes in the
storage environment. If reliable means are not available to prevent rapid temperature changes, a heat source should
be added in the electrical enclosure during storage. Consult the Limitorque Customer Service Department for
further information.

Preparation
1. Connect internal heaters, if supplied.
2. Replace all plastic caps or plugs with metal pipe plugs.
3. Ensure all covers are tight.

LY Storage Orientation
1. Store with the Control Compartment Cover (Limit Switch compartment) facing upward. Do not store units on

their side.
2. Store off the floor on suitable skids and cover with an unsealed dust cover leaving the bottom open and air

holes in the side.

Storage Inspection and Correction
1. Perform a semi-annual visual inspection. A minimum inspection should include checking the following: 

• Packaging • Plugs
• Covers • Dryness
• Cleanliness • Heat source (if used) for proper functioning

2. Record and correct deficiencies noted during inspection.
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4 Unit Weights

The approximate LY actuator weights are provided below.

Table 4.1 – Unit Weights

Unit Size Control lb. kg
LY 1001 NCU 40 20

BIC 75 34
UEC 90 41

LY 2001 NCU 100 45
BIC 110 50
UEC 144 65

LY 3001 NCU 105 48
BIC 130 59
UEC 149 68
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5 Installation Instructions 

5.1 Safety Precautions

a WARNING: Read this Installation and Maintenance Manual carefully and completely before attempting to
install, operate, or troubleshoot the Limitorque LY actuator.

5.2 Initial Actuator Preparation

Piece numbers refer to Figure 5.1.

1. Remove the Retaining Drive Ring (piece #165 or #109) and Torque Nut (piece #32) from actuator.

Figure 5.1 – Torque Nut and Retaining Drive Ring Removal from an LY 1001

2. If Torque Nut has been bored and keywayed by Limitorque, verify dimensions and keyway location for proper
compatibility with the valve stem.

3. If Torque Nut has not been bored and keywayed by Limitorque, it is provided solid (blank) to allow customer
to custom key and bore up to the maximum permissible sizes as listed in Table 5.1.

L i m
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#32 Torque Nut
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Torque Nut Retaining Drive Ring
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Table 5.1 – Torque Drive Nut Custom Bore and Keyway Sizes

Unit Type Maximum Bore Maximum Keyway
and Size inch (mm) inch (mm)
LY 1001 1¹�₈ dia (28 dia) ¹�₄ x ¹�₈ (6 x 3)
LY 2001/3001 2³�₈ dia (60 dia) ⁵�₈ x ⁵�₁₆ (15 x 7.5)

NOTE: Before keywaying, match the Torque Nut with the Valve Stem to ensure proper keyway location. Use the
Keyway Index Mark (LY 1001 only) for locating appropriate keyway location.

Figure 5.2 – LY Keyway Locations

5.3 Installation Overview

CAUTION: Be sure to complete each step of the installation overview before electrically operating your
actuator. If the actuator is already mounted to a valve from the manufacturer, verify that the actuator is
mounted according to the following overview. Failure to follow the installation procedures could result in
personal injury and/or improper operation and could cause damage to the equipment.

1. Mount Torque Nut (piece #32) in the actuator as shown in Figure 5.3 with the following alignment:
A. For LY 1001 – Stop Lugs facing the Actuator Mounting Adapter with index lines positioned to face the

Mechanical Stop Screws.
B. For LY 2001/3001 – Torque Nut axially aligned on the Drive Sleeve so that the bottom of the nut is

positioned inside the Actuator Mounting Base.
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Figure 5.3 – LY 1001, 2001, and 3001 Torque Drive Nut Orientation 
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2. Insert the Retaining Drive Ring (piece #165 for LY 1001, piece #109 for LY 2001/3001) on the Torque Nut
(piece #32) to hold the Torque Nut in place in the actuator.

3. Mount the LY actuator on the mounting flange of the valve or other actuated equipment. High-strength
(minimum SAE-Grade 5 120,000 psi tensile strength) hex head or socket head cap screws with lockwashers
are recommended. The actuator mounting tap quantities and thread sizes are detailed in Table 5.2.

Table 5.2 – LY Actuator/Mounting Base Tap Sizes

Unit Type Tap Size
and Size Quantity English Metric
LY 1001 8 3/8-16 x M10 x 1.5 mm x 

0.71 deep 25 mm deep 
(Complies with F10 ISO 
mounting flange criteria)

LY 2001/3001 8 5/8-11 x M16 x 2 mm x 35 mm 
1.26 deep deep (Complies with

F14 ISO mounting
flange criteria) 

NOTE: Flowserve has supplied eight taps for the LY 1001, LY 2001, and LY 3001 in English/Metric units to provide
flexibility in mounting arrangements. A minimum of four securing bolts is required to properly secure and retain
torque reaction on these units.

a DANGER: HAZARDOUS VOLTAGE. No electrical power should be connected until all wiring and limit switch
adjustments have been completed. Once power is supplied to unit, exercise caution if cover is not installed. 

4. Remove the Control Cover (piece #3) and Conduit Pipe Plugs (piece #144).

Figure 5.4 – Removing Control Cover and Conduit Pipe Plugs
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Table 5.3 – Control Cover and Conduit Pipe Plug Hardware

Unit Type Control Cover Conduit Pipe Plug
Quantity Size Quantity Size

LY 1001 (WP & XP) 6 M8 x 40 mm 2 1” NPT Socket 
Hex Head

LY 2001/3001 8 M12 x 50 mm (WP) 2 1” NPT Socket
M12 x 55 mm (XP) Hex Head

5. Adjust the Limit Switches, Mechanical Stops, and Position Indication Dial following the procedures detailed in
Section 5.6, Limit Switch and Mechanical Stop Settings.

6. Connect the wiring to the terminal strips provided on the actuator. Refer to the wiring diagram supplied with
the actuator. “Fork-type” terminal connections are recommended.

7. Insert a Conduit Pipe Plug in the unused conduit entrance if the wiring that enters the actuator uses only one
conduit entrance.

NOTE: 

A. Explosionproof actuators require approved “sealing fittings” installed in accordance with the National
Electric Code.

B. Submersible actuators require an approved “sealing fitting” in order to keep water from entering the
actuator.

8. Attach grounding wire to Grounding Lug (piece #141).
9. Verify motor rotation direction to ensure that the limit switch is wired properly for intended operation. (See

Section 6.2, Verify Correct Motor Rotation (Phasing) and OPEN/CLOSE Pushbutton Operation.)

Figure 5.5 – Grounding Lug Location 

10. Reinstall Control Cover (piece #3). 

NOTE: Submersible actuators require tightening the Control Cover Bolts and Integral Control Cover Bolts to a
specified torque in order to maintain submersibility. (See Table 5.4 for specific torque settings.) 

Table 5.4 – LY Control Cover and Integral Control Cover Bolt Sizes and Torques

Unit Type Control Cover Integral Compartment
LY 1001 M8 - 10 to 15 ft-lb M10 - 15 to 20 ft-lb
LY 2001/3001 M12 - 20 to 25 ft-lb M10 - 15 to 20 ft-lb

Unit is now ready for electrical operation.
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5.4 Torque Switch Settings

a DANGER: HAZARDOUS VOLTAGE. Turn power OFF before opening the Electrical Compartment Cover or
making any adjustments to the Torque Switch.

CAUTION: Installing or adjusting the Torque Switch with the actuator in a loaded condition will result in loss of
torque protection. Before adjusting or installing the Torque Switch, place the actuator in MANUAL mode and
turn the Handwheel in the direction necessary to release the torque load on the Wormshaft Assembly.

NOTE: Removal or modification of the Torque Switch Limiter Plate will void the actuator warranty. Do not exceed
the torque setting indicated by the Torque Switch Limiter Plate without contacting the Limitorque Service
Department.

The LY unit is equipped with a do W to MEDIUM or HIGH by adjusting the Torque Switch Adjustment Screw unless
it is limited by the Limiter Plate. (See Figure 5.6 for Torque Switch Adjustment Screw location.)

5.5 Rewiring the Torque Switch for Non-Standard Drive Sleeve Rotation

CAUTION: Double-check the wiring diagram to verify that the Torque Switch is wired appropriately for the appli-
cation. The Torque Switch will not protect the valve from over-torque if the Torque Switch is not wired properly
for the application.

LY series actuators are typically supplied with a CCW Drive Sleeve rotation to open a valve. The Torque Switch is
marked OPEN (CCW) and CLOSE (CW) based upon CW Drive Sleeve rotation to close the valve. The Mechanical
Dial Position Indicator (MDPI) is typically mounted for CW rotation to indicate the CLOSED position. If opposite
Drive Sleeve rotation is required (CCW to close a valve), the following Torque Switch modifications are required.

1. Turn all power to the actuator OFF.
2. Reverse the ID Limiter Plate.
3. Interchange OPEN Torque Switch wires 18 and 18C with CLOSED wires 17 and 17C. (Refer to the wiring

diagram for other Torque Switch wiring configurations.)

Figure 5.6 – Reversing Torque Switch Wiring 

4. Remove the MDPI Plate and flip over for indication of CCW rotation to the valve’s closed position. (See Figure
5.12 for MDPI Dial Plate.)
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5.6 Limit Switch and Mechanical Stop Settings

The Limit Switch and Mechanical Stops are not preset at the factory, but must be set after mounting on the
associated equipment. If the actuator has been shipped already installed on a valve, the actuator should have the
Limit Switch and Mechanical Stops set for your application. If the actuator is not already installed on a valve or
needs resetting, use the following instructions to make the appropriate settings.

The following instructions for setting the Limit Switches and Mechanical Stops are based on the typical orientation
for most actuator applications. Consult the applicable wiring diagram located in the Control Compartment for the
specific Limit Switch development. 

NOTE: While making Limit Switch settings, remember that the Limit Cams rotate in the same direction as the valve
stem.

5.7 Setting the Limit Switches

a WARNING: Do not manually operate actuator with devices other than installed Handwheel and Declutch
Lever. Using additive force devices (cheater bars, wheel wrenches, pipe wrenches or other devices of this
nature) on the actuator Handwheel or Declutch Lever may cause serious personal injury and/or damage to the
actuator or valve.

a DANGER: HAZARDOUS VOLTAGE. Make sure all power is disconnected before making the following settings.

5.7.1 Setting the CLOSED Limit Switch

1. Put the actuator in MANUAL operation: move the Declutch Lever in the direction of the arrow on the lever until
the Declutch Lever locks in place. If Declutch Lever is difficult to move, see Section 6.4, Manual Operation for
instructions to release the Declutch Lever.

2. Turn the Handwheel CW to move the valve to the full CLOSE position.

NOTE: Most applications require turning the Handwheel CW to obtain the full CLOSE position and CCW to
obtain full OPEN position. The Drive Sleeves and Limit Cams also rotate in CW rotation to the CLOSE position
and CCW to the OPEN position. If the application is configured differently, the descriptions in this manual will
describe rotation directions opposite your application.

3. Loosen Setting Nut (piece #7-10) located at the top of the switch bracket approximately 3/4 turn.

NOTE: When setting the Limit Cams by rotating to the trip point as described in Step 4, be careful not to move
more than one cam at a time. Limit Cams that have already been set are not secure until Setting Nut (piece #7-
10) is retightened.
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Figure 5.7 – Limit Switch Setting Nut 

4. Rotate the CLOSE Limit Cam CW through the high side to the trip point until the Switch Plunger is released.
This causes the N.O. (normally open) contact to open.  

NOTE: There will be no electrical continuity at the trip point when measuring with an ohmmeter between the
common lead and the N.O. lead. You may also hear a faint “click” at the trip point.

NOTE: During actuator operation, when the Switch Plunger trips, the N.O. contact is released, causing the
Limit Switch to stop the actuator in the CLOSED position.

Figure 5.8 – Setting CLOSE Limit Cam
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5.7.2 Setting the OPEN Limit Switch

NOTE: When setting the OPEN Limit Switch, be careful not to rotate the CLOSE Limit Cam; rotating it will change
the adjustments you previously made on the CLOSE Limit Switch.

1. Put the actuator into MANUAL operation by moving the Declutch Lever in the direction of the arrow on the
lever until the Declutch Lever locks in place. If Declutch Lever is difficult to move, see Section 6.4, Manual
Operation for instructions to release the Declutch Lever.

2. Turn the Handwheel to move the valve to the full OPEN position.

NOTE: Most applications require turning the Handwheel CCW to obtain the full OPEN position. The Drive
Sleeve and Limit Cams also rotate in CCW rotation to the OPEN position. If your application is configured
differently, keep in mind the descriptions in this manual will describe rotation directions opposite of your
application.

3. Loosen Setting Nut (piece #7-10) located at the top of the switch bracket. (See Figure 5.7.)
4. Rotate the OPEN Limit Cam CCW through the high side to the trip point until the Switch Plunger is released.

This causes the N.O. contact to open. There will be no electrical continuity at the trip point when measuring
with an ohmmeter between the common lead and the N.O. lead; you may also hear a faint “click” at the trip
point.

NOTE: During actuator operation, when the Switch Plunger trips, the N.O. contact is released, causing the
Limit Switch to stop the actuator in the OPEN position.

Figure 5.9 – Setting OPEN Limit Cam 

5. Retighten Setting Nut (piece #7-10).
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5.8 Mechanical Stops

5.8.1 Setting the CLOSED Mechanical Stop on the LY 1001

Table 5.5 – Mechanical Stop Set Screws

Unit Mechanical Stop Set Screw 
Type Set Screw Size Size
LY 1001 3/8-16 x 1.25” 3/8-16 x 0.375"

Piece numbers refer to Figure 5.10.

1. Set CLOSE Mechanical Stop Set Screw (piece #58) by removing the Set Screw (piece #59).
2. Using the Handwheel, turn the valve to the CLOSE position. Make sure the valve is fully seated before setting

the mechanical stop.
3. Rotate Mechanical Stop Set Screw (piece #58) in the CW direction until contact with the Torque Nut (piece

#32) occurs. (See Figure 5.9.)
4. Back-off Mechanical Stop Set Screw (CCW direction) approximately 1-1/2 turns.
5. Reinstall Set Screw (piece #59).
6. Manually operate the actuator through the close limit to assure setting is correct.

NOTE: The Mechanical Stops are intended to protect the equipment from overtravel if a Limit Switch fails. The
valve should not torque-out against the Mechanical Stop Set Screw during normal OPEN/CLOSE cycles.

Figure 5.10 – Mechanical Stop Set Screw Adjusted to Torque Nut Contact Point on LY 1001

#59 Set Screw

#58 Mechanical
Stop Set Screw

#32 Torque Nut

Torque Nut &
Mechanical Stop Screw
positioned at contact point

CCW to Open

Mechanical Stop
Set Screws

OPEN   CLOSED

LY 1001 Bottom View

Flow Control Division

Limitorque Actuation Systems



LMAIM1501 LY Installation and Maintenance for LY 1001, LY 2001 and LY 3001 5-11

5.8.2 Setting the CLOSED Mechanical Stop on the LY 2001/3001

Table 5.6 – Mechanical Stop and Locknut Screw Sizes

Unit Type Stop Screw Size Locking Nut Size
LY 2001/3001 ⁵�₈-16 x 3” ⁵�₈-11

All piece numbers refer to Figure 5.11.

1. Set CLOSE Mechanical Stop Screws (piece #58) (Hex Head Cap Screw) by loosening Locking Nut (piece #59)
(Hex Head Nut).

2. Using the Handwheel, turn the valve to the CLOSE position. Make sure the valve is fully seated before setting
the mechanical stop.

3. Rotate Mechanical Stop Screw (piece #58) in the CW direction until contact with the Stop Pin (piece #28)
occurs.

4. Back-off Mechanical Stop Screw (CCW direction) approximately 1¹�₂ turns.
5. Retighten Locking Nut.
6. Manually operate the actuator through the close limit to assure setting is correct.

NOTE: The Mechanical Stops are intended to protect the equipment from overtravel if a Limit Switch fails. The
valve should not torque-out against the Mechanical Stop Screw during normal OPEN/CLOSE cycles.

Figure 5.11 – Mechanical Stop Set Screw Adjusted to Torque Drive Nut Contact Point on LY 2001 and 3001 

#32 Torque Nut
#59 Locking Nut

#58 Mechanical Stop Screw

Mechanical Stop Screw
CLOSED            OPEN

#28 Stop Pin and
Mechanical Stop
Screw positioned
at contact point

LY 2001/3001 Top View

CCW to Open

Flow Control Division

Limitorque Actuation Systems



5-12 LY Installation and Maintenance for LY 1001, LY 2001 and LY 3001 LMAIM1501

5.8.3 Setting the OPEN Mechanical Stop on the LY 1001

Piece numbers refer to Figure 5.10.

1. With the valve in the full OPEN position, set OPEN Mechanical Stop Set Screw
(piece #58) by removing the Set Screw (piece #59). (See Figure 5.9 for orientation.)

2. Using the Handwheel, turn the valve to the OPEN position. Verify the valve is fully open before setting the
Mechanical Stop Set Screw.

3. Rotate Mechanical Stop Set Screw (piece #58) in the CW direction until contact with the Torque Nut (piece
#32) occurs.

4. Back-off Mechanical Stop Set Screw (CCW direction) approximately 1¹�₂ turns.
5. Reinstall Set Screw (piece #59).
6. Manually operate the actuator through the open limit to assure setting is correct.

5.8.4 Setting the OPEN Mechanical Stop on the LY 2001/3001

Piece numbers refer to Figure 5.11.

1. With the valve in the full OPEN position, set OPEN Mechanical Stop Screws (piece #58) (Hex Head Cap Screw)
by loosening Locking Nut (piece #59) (Hex Head Nut). (See Figure 5.10 for orientation.)

2. Using the Handwheel, turn the valve to the OPEN position. Make sure the valve is fully open before setting the
Mechanical Stop.

3. Rotate Mechanical Stop Screw (piece #58) in the CW direction until contact with the Stop Pin (piece #28)
occurs.

4. Back-off Mechanical Stop Screw (CCW direction) approximately 1¹�₂ turns. 
5. Retighten Locking Nut.
6. Manually operate the actuator through the open limit to assure setting is correct.

NOTE: The Mechanical Stops are intended to protect the equipment from overtravel if a Limit Switch fails. The
valve should not torque-out against the Mechanical Stop Screw during normal OPEN/CLOSE cycles.

5.9 Setting the MDPI (Mechanical Dial Position Indicator)

Piece numbers refer to Figure 5.12.

1. After setting the Limit Switch and Mechanical Stop Settings, manually position the valve in the fully CLOSED
position.

2. Loosen Screw (piece #147) on MDPI.
3. Make sure the MDPI Dial Plate (piece #146) is aligned properly with the Dial Window Retaining Plate Arrow

(piece #108), usually 0% (CLOSED) should align with the arrow. (See Figure 5.12.) 

NOTE: If your application uses CW handwheel rotation to OPEN, flip the MDPI Plate over to properly orient the
OPEN and CLOSED position on the MDPI Plate.

4. Retighten the Screw (piece #147) on the MDPI Dial Plate (piece #146).
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Figure 5.12 – Aligning MDPI with Dial Window Retaining Plate

5.9.1 Setting the Potentiometer

If the LY actuator includes a Feedback Potentiometer used for remote valve position indication, use an ohmmeter to
calibrate the position of the potentiometer.

a DANGER: HAZARDOUS VOLTAGE. Turn power off before calibrating the Feedback Potentiometer.

1. Using the Handwheel, position the actuator to mid-travel (valve at the 50% position).
2. Disconnect the Potentiometer Wiring Harness from where it is plugged in or connected to a Terminal Strip.
3. Using an ohmmeter, verify that the potentiometer is in mid-travel. The resistance from each End Connection to

the Center Connection should be half of the full resistance of the Potentiometer. Example: 1000 ohm
potentiometer should read approximately 500 ohms from one of the End Connections to the Center
Connection.
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Figure 5.13 – Potentiometer Calibration Components

4. If the reading is not correct, proceed to Step 5. If the reading is correct, proceed to Step 6.
5. a.  Loosen the small Set Screw that retains the Spur Gear to the Potentiometer Shaft. 

b.  Using a small flat-tipped screwdriver in the slotted Potentiometer Shaft, rotate the Shaft until the correct
reading is obtained as described in Step 3. 

c.  Retighten the Set Screw.
6. Disconnect the ohmmeter and reconnect the Potentiometer wiring to the original connection.
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6 Operation

6.1 Typical LY 1001 Operation

LY actuators are always available for motor operation when the motor is energized.

NOTE: Applied voltage rating = voltage rating of actuator ±10%

a WARNING: Do not manually operate the actuator with devices other than installed Handwheel and Declutch
Lever. Using force beyond the ratings of the unit and/or using additive force devices such as cheater bars,
wheel wrenches, pipe wrenches, or other devices on the actuator Handwheel or Declutch Lever may cause
serious personal injury and/or damage to the actuator or valve. 

CAUTION: Do not motor-operate the valve without first setting or checking the limit switch setting, motor direc-
tion, and mechanical stops. Do not force the Declutch Lever into the motor operation position. The Declutch
Lever returns to motor-operation position automatically when the motor is energized.

6.2 Verify Correct Motor Rotation (Phasing) and OPEN/CLOSE 
Pushbutton Operation

Correct motor rotation must be verified to prevent serious damage to valve or other equipment. If the actuator
motor rotates in the wrong direction, damage could occur by over-torquing equipment into a seated position.

Prior to being shipped from the factory, each actuator is inspected to verify proper operation of the Torque and
Position Limit Switches and to ensure that they function correctly, i.e., closes when the CLOSE pushbutton is
depressed, opens with the OPEN pushbutton, etc. These inspections are made with a properly phased power source
connected as described in the actuator manual.

CAUTION: To ensure proper operation and to prevent your actuator or other actuated equipment from damage,
verify that your unit is properly connected to its power source.

6.2.1 Three-Phase Motor

NOTE: Your application may vary from the standard wiring configuration for three-phase shown in Figures 6.1 and
6.2. Refer to the specific actuator wiring diagram for wiring configuration.

1. Using the Handwheel, move the valve to a midtravel position. Midtravel position allows brief electrical
operation in the valve “safe” area and keeps the OPEN and CLOSED Limit Switches from tripping while testing
motor direction.

2. Test motor direction by momentarily pressing the OPEN pushbutton: 
a. If the actuator moves toward CLOSED, immediately turn all power OFF and reverse the motor leads T1

and T3 on terminal strip.

Flow Control Division

Limitorque Actuation Systems



6-2 LY Installation and Maintenance for LY 1001, LY 2001 and LY 3001 LMAIM1501

b. If the actuator moves toward OPEN, the motor is wired properly for the application.

Figure 6.1 – Standard Actuator/Three-Phase
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Figure 6.2 – Three-Phase with Control Package
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6.2.2 Single-Phase Motor

NOTE: Your application may vary from the standard wiring configuration for the single-phase motor shown in
Figures 6.3 and 6.4. Refer to the specific actuator wiring diagram for wiring configuration.

1. Using the Handwheel, move the valve to a midtravel position. Midtravel position allows electrical operation in
the valve “safe” area and keeps the OPEN and CLOSED limit switches from tripping while testing motor
direction.

2. Momentarily press the OPEN pushbutton to test motor direction. If the actuator moves toward CLOSED,
immediately turn power OFF and proceed with the instructions that match your application. Permanent Split
Capacitor single-phase motors can be connected for opposite rotation by interchanging the leads T1 and T2
coming from the motor to the terminal strip.
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Figure 6.3 – Standard Actuator/Single-Phase
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Figure 6.4 – Single-Phase with Control Package
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6.2.3 DC Motor

NOTE: Your application may vary from the standard wiring configuration for the DC motor. Refer to the specific
actuator wiring diagram for wiring configuration.

1. Using the Handwheel, move the valve to a midtravel position. Midtravel position allows electrical operation in
the valve “safe” area and keeps the OPEN and CLOSED limit switches from tripping while testing motor
direction.

2. Test motor direction by momentarily pressing the OPEN pushbutton: 
A. If the actuator moves toward CLOSED, immediately turn all power OFF and reverse the motor leads A1

and A2 on the terminal strip. 
B. If the actuator moves toward OPEN, the motor is wired properly for the application.

6.3 Electrical Startup

1. Confirm that the actuator has been correctly lubricated. This is particularly important if the actuator has been
in long-term storage.

2. Ensure that the Torque Switch and Limit Switch have been properly set per Section 5.4, Torque Switch
Settings and Section 5.7, Setting the Limit Switches respectively.

3. Engage MANUAL operation and hand-crank valve well away from the OPEN or CLOSED end-of-travel.
4. Turn power ON and push the OPEN button to electrically operate the actuator.
5. Verify output rotation: 

• If Motor rotation (phase) is correct, the valve will begin to open. 
• If the valve begins to CLOSE — STOP IMMEDIATELY.
Refer to Section 6.2, Verify Correct Motor Rotation (Phasing) and OPEN/CLOSE Pushbutton Operation to
correct the motor rotation, if necessary.

6. If the actuator configuration has a control package, see the specific control package Instruction and
Maintenance Manual for proper setup and calibration.
The actuator should operate correctly and will stop at the end-of-travel by the Torque and Limit Switch
functions.

6.4 Manual Operation 

a WARNING: Do not manually operate actuator with devices other than installed Handwheel and Declutch
Lever. Using additive force devices (cheater bars, wheel wrenches, pipe wrenches, or other devices of this
nature) on the actuator handwheel or declutch lever may cause serious personal injury and/or damage to the
actuator or valve.

Piece numbers refer to Figures 6.5, 6.6, and 6.7 for LY 1001 and Figure 6.8, 6.9, 6.10, and 6.11 for LY 2001/3001. 

The LY actuator has a Handwheel for manual operation. The unit can be manually operated any time the motor is
not energized. 

1. To manually operate the actuator, push the Declutch Lever (piece #45) clockwise approximately 20° until it
latches. 

2. If the Declutch Lever will not turn 20° or it does not latch, DO NOT FORCE. Rotate the Handwheel (piece #41)
slightly (in either direction) while continuing to push the Declutch Lever in the clockwise direction; the
Declutch Lever will latch in place. When the Declutch Lever is latched in place, the Clutch (piece #13) is moved
until its lugs engage with the lugs on the Handwheel Clutch (piece #16). This position is maintained
indefinitely by the Declutch Fork Assembly (piece #46). When the motor is energized, a flat on the Input Worm
Gear (piece #18) releases the Declutch Fork Assembly, pushing the Clutch into motor operation by the
Declutch Return Spring (piece #47).
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6.5 Motor Operation

CAUTION: Do not force the Declutch Lever into motor operation. Lever will automatically return to motor opera-
tion when the motor is energized.

Piece numbers refer to Figures 6.5, 6.6, and 6.7 for LY 1001, and Figures 6.8, 6.9, 6.10, and 6.11 for LY 2001/3001.

The Motor Pinion Gear (piece #54) turns the Worm Shaft Pinion Gear (piece #53), which is part of the Input Worm
Shaft (piece #31). The Input Worm Shaft drives the Input Worm Gear (piece #18) that is lugged to the Clutch Sleeve
(piece #13). The Input Worm Gear drives the Worm Shaft Assembly through the lugs and splines on the Clutch
Sleeve. The Output Worm (piece #15) on the Worm Shaft Assembly turns the Drive Sleeve (piece #10). The Drive
Sleeve accepts the Torque Nut (piece #32) that is bored and keyed to fit and turn the particular valve stem.

Figure 6.5 – LY 1001 Cover and Associated Parts
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Figure 6.6 – LY 1001 Top Plate and Associated Parts
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Figure 6.7 – LY 1001 Housing and Associated Parts
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Figure 6.8 – LY 2001/3001 Cover and Associated Parts
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Figure 6.9 – LY 2001/3001 Top Plate and Associated Parts
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Figure 6.10 – LY 2001/3001 Housing and Associated Parts
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Figure 6.11 – LY 3001 Handwheel Assembly

40

37
35

119

38

115

116

41

112

146

39136

63
64

65
66

43

42

36

34
137

39

39

Note: Refer to certified data
for construction purposes
01-458-0019-4 Rev A.

134

Flow Control Division

Limitorque Actuation Systems



LMAIM1501 LY Installation and Maintenance for LY 1001, LY 2001 and LY 3001 7-1

7 Maintenance

7.1 Lubrication

No seal can remain absolutely tight at all times. Therefore, it is not unusual to find a very small amount of weeping
around shaft seals—especially during long periods of idleness such as storage. Using grease minimizes this
condition as much as possible. If a small amount is weeping at startup, remove it with a clean cloth. Once the
equipment is operating on a regular basis, the weeping should stop. 

7.1.1 Lubrication Inspection

Inspect Limitorque LY series actuators for correct lubrication prior to operating—particularly following a long
storage period.

Each application has its own effect on the actuator and the frequency of these inspections should be based on the
application and the operating experience. The following lubrication inspection schedule is recommended until
operating experience indicates otherwise.

For Gear Case, inspect lubrication every 18 months or 500 cycles, whichever occurs first.

During an inspection, consider the following:

• Quantity – LY operators are built to operate on the immersion principle. Ensure there is enough lubricant so
that the Worm is totally immersed in grease regardless of the position. 

• Quality – Inspect lubricant for dirt, water, or other foreign matter. If any one of these is found:
1. Flush the actuator with a commercial degreaser/cleaner such as Exxon Varsol #18. This degreaser/cleaner

is not corrosive and does not affect the seal materials. 
2. Repack the actuator with fresh lubricant, allowing room for grease thermal expansion. 

• Consistency – Ensure the lubricant is fluid approximating a standard NLGI-0 grade consistency or less.
Thinners such as Amoco WAYTAC #31 oil may be added provided the volume of thinner does not exceed 20%
of the total lubricant.

7.1.2 Factory Lubricant

The LY actuator gear case is factory-lubricated with an NLGI Grade 0 or 00 lithium-base grease suitable for
temperatures from -20°F (-29°C) to 150°F (66°C). For temperatures above or below this range, consult the factory.

7.2 Minimum Lubricant Qualities Required

The standard lubricants used by Flowserve have been proven to be extremely reliable over years of service.
Flowserve does not recommend a particular lubricant substitute for the standard lubricants; however, Flowserve
does require the following lubricant qualities as a minimum. 

CAUTION: Do not mix lubricants of a different base chemical. Mixing lubricant bases may cause lubricant prop-
erties to be ineffective.
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The lubricant must 

• have “EP” properties.
• be suitable for the temperature range intended.
• be water and heat-resistant and non-separating.
• not create more than 8% swell in Buna N or Viton.
• not contain any grit, abrasive, or fillers.
• slump NLGI 0 or 00.
• not be corrosive to steel gears, ball, or roller bearings.
• have a dropping point above 316°F (158°C) for temperature ranges of -20°F (-9°C) to +150°F (+66°C).

7.3 Disassembly and Reassembly

CAUTION: Turn off all power services before attempting to perform service on the actuator. POTENTIAL HIGH-
PRESSURE VESSEL. Before removing or disassembling your actuator, ensure that the valve or other actuated
device is isolated and not under pressure.

7.3.1 LY 1001 Disassembly

Unless otherwise noted, piece numbers refer to the Illustrated Parts Breakdown of 
Figures 6.5, 6.6, and 6.7. 

a DANGER: HAZARDOUS VOLTAGE. Turn off all power before disassembling your LY actuator.

a DANGER: POTENTIAL HIGH-PRESSURE VESSEL. Before disassembling your actuator, ensure that the valve
or other actuated device is isolated and is not under pressure.

Remove Cover and Top Plate
1. Turn off all power to the actuator.
2. Remove the Control Cover (piece #3).
3. Disconnect all electrical leads from the Torque Switch (piece #8) and Limit Switch (piece #7). Make sure all

wire leads are properly marked for reassembly.
4. Remove all external wires to the Terminal Strips (pieces #9 and 110).
5. If unit has an Integral Assembly, remove all wires from the Integral Assembly to the Terminal Strip (pieces #9

and 110).
6. Remove Screws/Lockwashers (pieces #77, 78, 79, and 80) that are holding the Limit Switch (piece #7) and

Heater Assembly (piece #120). Remove the Limit Switch and Heater Assembly.
7. Remove two Screws (piece #97) and two Lockwashers (piece #98) that are holding the Torque Switch (piece

#8). Remove the Torque Switch.
8. Remove two Screws (piece #65) and two Lockwashers (piece #66) to remove the Top Plate (piece #2).
9. Lift Top Plate (piece #2) off the LY Housing (piece #1). The Motor (piece #6) can be left attached to the Top

Plate when the Top Plate is removed.

Remove Input Worm Motor Pinion Assembly
10. Remove Input Worm Motor Pinion Assembly (pieces #52, 156, 53, 124, and 31).
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Remove Worm Shaft Assembly
11. Remove four Screws (piece #61) and four Lockwashers (piece #62) to remove Disc Spring Cap (piece #5).
12. Remove Disc Spring Cap (piece #5) and O-Ring (piece #135).
13. Rotate Worm Shaft Assembly CCW. The Worm Shaft Assembly should travel out of the Housing. Once it has

reached the end-of-travel, pull the remaining Worm Shaft Assembly out; Clutch Sleeve (piece #13) will slip off
the Worm Shaft Assembly. In the event that the Worm is stripped, the Worm Shaft Assembly will need to be
completely replaced.

NOTE: If Light Spring Pack or Heavy Spring Pack replacement is necessary, contact your Limitorque
authorized dealer or the Limitorque Service Department for a complete Worm Shaft Assembly replacement.

Remove Handwheel Assembly
14. Remove the Handwheel Clutch (piece #16), Compression Spring (piece #154), Clutch Sleeve (piece #13),

Thrust Washer (piece #26 [2 pcs]), and Thrust Bearing (piece #27).
15. Remove two Screws (piece #63) and two Lockwashers (piece #64) from the Handwheel Cap (piece #34).
16. Remove the Handwheel Assembly as one piece, (piece #41, 112, 34, 137, 134, 155 [2 pcs], 154, 70, and 37).

Remove Drive Sleeve
17. Remove O-Ring (piece #129) and Bearing (piece #33) from the top of the Drive Sleeve (piece #10).
18. Remove the Drive Sleeve (piece #10).

Remove Declutch Assembly
19. Remove Roll Pin (piece #121) and remove Declutch Lever (piece #45).
20. Push the Declutch Assembly (piece #46, 123, 44, and 55 [2 pcs]) up through the Housing and remove.

Remove the Declutch Return Spring (piece #47).
21. Remove O-Ring (piece #138) from the Housing.

Remove Input Worm Gear
22. Remove the Retaining Drive Ring (piece #114).
23. Remove Input Worm Gear (piece #18) from the Ball Bearing (piece #24).

7.3.2 LY 1001 Reassembly

a DANGER: HAZARDOUS VOLTAGE. Turn off all power before reassembling your LY actuator.

All piece numbers refer to Figures 6.5, 6.6, and 6.7.

Install Input Worm Gear
1. Install Input Worm Gear (piece #18).
2. Install External Retaining Drive Ring (piece #114) on Input Worm Gear.

Install Declutch Assembly
3. Install Declutch Return Spring (piece #47), making sure one end of Spring is secured behind the Rib of the

actuator housing and the other end is secured behind the bottom Declutch Fork of the Declutch Fork
Assembly.
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Figure 7.1 – LY 1001 Declutch Return Spring Installation Position

4. Install Declutch Assembly (piece #46, 123, 44, and 55).
5. Install O-Ring (piece #138) over Declutch Shaft (piece #44).
6. Install Declutch Lever (piece #45) and Roll Pin (piece #121).

Install Drive Sleeve
7. Install Drive Sleeve (piece #10).
8. Install Ball Bearing (piece #33) and O-Ring (piece #129) on the Drive Sleeve.

Install Worm Shaft Assembly
9. Install Worm Shaft Assembly.

NOTE: Push the Worm Shaft Assembly through to about 1/2" past the Input Worm Gear for installing the
Clutch Sleeve (piece #13).

Install Handwheel Assembly
10. Install the Clutch Sleeve (piece #13), ensuring the Declutch Fork Assembly (piece #46) is between the Input

Worm Gear (piece #18) and the Clutch Sleeve (piece #13).
11. Install Thrust Washer (piece #26), Thrust Bearing (piece #27), and second Thrust Washer (piece #26) into the

Handwheel Clutch (piece #16).
12. Put a light coat of grease on the Thrust Bearing. Install Spring (piece #154) into the Handwheel Clutch.
13. Install Handwheel Clutch Assembly (pieces #16, 154, 26 [2 pcs], and 27) into the Housing. Push remaining

Worm Shaft Assembly into the Handwheel Clutch of the Handwheel Clutch Assembly.
14. Install O-Ring (piece #135) over the Worm Shaft Assembly Bearing.
15. Install Disc Spring Cap (piece #5) and Hardware (pieces #61 and 62).
16. Install Handwheel Cap Gasket (piece #137) and Handwheel Assembly (pieces #41, 112, 34, 137, 134, 155 

[2 pcs], 154, 70, and 37).
17. Install Hex Head Cap Screw and Lockwasher (pieces #63 and 64).

6301 .6301 .

Rib

Bottom
Declutch
Fork

LY 1001 End View

#47 Declutch
Return Spring Rib

LY 1001 Top View
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Install Input Worm Motor Pinion Assembly
18. Install Input Worm Motor Pinion Assembly (pieces #52, 156, 53, 124, and 31) into the Housing.
19. Install Housing Seal (O-Ring) (pieces #131).

Grease Unit
20. Grease unit with the properly recommended grease. (See Section 7.1, Lubrication.)

Install Top Plate
21. Install Top Plate (piece #2) and Hardware (pieces #65 and 66).

NOTE: If Top Plate will not fit properly, check Ball Bearing (piece #33) and Declutch Shaft (piece #44) for
proper alignment into Top Plate molding. 

Install Torque Switch Assembly, Motor Assembly, and Limit Assembly
22. Install Torque Switch Assembly (piece #8) with Gasket and Hardware (piece #98 and 97).
23. Install Limit Switch Assembly (piece #7) and Heater Assembly (piece #120) with Hardware (piece #77, 78, 79,

and 80).
24. Reconnect Limit Switch, Torque Switch, and Terminal Strip. (See the wiring diagram included with the actuator

for proper wiring configuration.)

Install Control Cover

NOTE: Before installing the Control Cover, reset the Limit Switches and Mechanical Stops. Recheck motor for
proper rotation.

25. Install Cover Seal O-Ring (piece #130).
26. Install Control Cover (piece #3) with Hardware (piece #67 and 68).

7.3.3 LY 2001/3001 Disassembly

a DANGER: HAZARDOUS VOLTAGE. Turn off all power before disassembling your LY actuator.

a DANGER: POTENTIAL HIGH-PRESSURE VESSEL. Before disassembling your actuator, ensure that the valve or
other actuated device is isolated and is not under pressure.

Piece numbers refer to Figures 6.8, 6.9, 6.10, and 6.11.

Remove Cover and Top Plate
1. Shut off all power to the actuator.
2. Remove the Control Cover (piece #3).
3. Disconnect all electrical leads from the Torque Switch (piece #8) and Limit Switch (piece #7). Make sure all

wire leads are properly marked for reassembly.
4. Remove all external wires to the Terminal Strips (piece #9, 110, and 111).
5. If unit has an Integral Assembly, remove all wires from the Integral Assembly to the Terminal Strip (piece #9,

110, and 111).
6. Remove Screws/Lockwashers (piece #79 and 80) that are holding the Limit Switch (piece #7). Remove the

Limit Switch.
7. Remove two Screws (piece #97) and two Lockwashers (piece #98) that are holding the Torque Switch (piece

#8). Remove the Torque Switch.
8. Remove two Screws (piece #88) and two Lockwashers (piece #89) to remove the Top Plate (piece #2).
9. Lift Top Plate (piece #2) off the LY Housing (piece #1). The Motor (piece #6) can be left attached to the Top

Plate when the Top Plate is removed.
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Remove Input Worm Motor Pinion Assembly
10. Remove Input Worm Motor Pinion Assembly (piece #52, 53, 124, and 31).

Remove Worm Shaft Assembly
11. Remove four Screws (piece #61) and four Lockwashers (piece #62) to remove Bearing Cap (piece #5).
12. Remove Bearing Cap (piece #5) and O-Ring (piece #135).
13. Rotate Worm Shaft Assembly counterclockwise. The Worm Shaft Assembly should travel out of the Housing.

Once it has reached the end-of-travel, pull the remaining Worm Shaft Assembly out; Clutch Sleeve (piece #13)
will slip off the Worm Shaft Assembly. In the event that the Worm is stripped, the Worm Shaft Assembly will
need to be completely replaced.

NOTE: If Light Spring Pack or Heavy Spring Pack replacement is necessary, contact your Limitorque
authorized dealer or the Limitorque Service Department for a complete Worm Shaft Assembly replacement.

Remove Handwheel Assembly (LY 2001)
14. Remove the Handwheel Clutch (piece #16), Compression Spring (piece #17), Clutch Sleeve (piece #13),

Thrust Washer (piece #26 [2 pcs]), and Thrust Bearing (piece #27).
15. Remove four Screws (piece #70) and four Lockwashers (piece #71) from the Handwheel Cap Plate

(piece #69).
16. Remove the Handwheel Assembly as one piece (pieces #146, 41, 112, 69, 192, 134, and 37).
17. Go to Step 19.

Remove Handwheel Assembly (LY 3001)
14. Remove the Handwheel Clutch (piece #16), Compression Spring (piece #17), Clutch  Sleeve (piece #13) and

Thrust Washer (piece #26 [2 pcs]), and Thrust Bearing (piece #27).
15. Remove Screws (pieces #63 and 65) and Lockwashers (piece #64 and 66) from the Spur Gear Cover

(piece #34) of the Handwheel Assembly.
16. Remove the Handwheel Assembly as one piece (pieces #146, 41, 112, 136, 39 [2 pcs], 34, 137, 116, 115, 38,

and 36).
17. Remove the Handwheel Pinion and Idler (piece #43) and Idler Shaft (piece #42).
18. Remove the Handwheel Gear Assembly (pieces #119, 35, and 37).

Remove Drive Sleeve
19. Remove the Roll Pins (piece #174) located in the end of the Mechanical Stop Screws (piece #58).
20. Remove the Mechanical Stop Screws (piece #58), Locking Nut (piece #59), Thread-Seal (piece #60), and

Retaining Washer (piece #184).
21. Remove O-Ring (piece #129) and Bearing (piece #33) from the top of the Drive Sleeve (piece #10).
22. Remove the Drive Sleeve (piece #10).

Remove Declutch Assembly
23. Remove Roll Pin (piece #121) and remove Declutch Lever (piece #45).
24. Push the Declutch Assembly (pieces #46, 48, 123, 122, and 44) up through the Housing and remove. Then

remove Declutch Return Spring (piece #47).
25. Remove O-Ring (piece #138) from the Housing.

Remove Input Worm Gear
26. Remove the Retaining Drive Ring (piece #113).
27. Remove Input Worm Gear (piece #18) and Lug Adapter (piece #25) as an assembly from the Ball Bearing

(piece #24).
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7.3.4 LY 2001/3001 Reassembly

a DANGER: HAZARDOUS VOLTAGE. Turn off all power before assembling the LY actuator.

Piece numbers refer to Figures 6.8, 6.9, 6.10, and 6.11.

Install Input Worm Gear
1. Install Input Worm Gear (piece #18).
2. Install External Retaining Drive Ring (piece #113) on Input Worm Gear.

Install Declutch Assembly
3. Install Declutch Return Spring (piece #47), making sure one end of Spring is secured in the Spring Seat Hole

of the actuator housing and the other end is secured around the Roll Pin (piece #122) on the Declutch Fork
Assembly.

Figure 7.2 – LY 2001/3001 Declutch Return Spring Installation Position

4. Install Declutch Assembly (piece #46, 48, 123, 122, and 44).
5. Install O-Ring (piece #138) over Declutch Shaft (piece #44).
6. Install Declutch Lever (piece #45) and Roll Pin (piece #121).

Install Drive Sleeve
7. Install Drive Sleeve (piece #10).
8. Install Bearing (piece #33) and O-Ring (piece #129) on the Drive Sleeve.
9. Install the Mechanical Stop Screws (piece #58), Locking Nut (piece #59), Thread-Seal (piece #60), and

Retaining Washer (piece #184).
10. Install the Roll Pins (piece #174) located in the end of the Mechanical Stop Screws (piece #58).

Install Worm Shaft Assembly
11. Install Worm Shaft Assembly. Push the Worm Shaft Assembly through to about 1/2" past the Input Worm

Gear. This allows installation of the Clutch Sleeve (piece #13).

#122 Roll Pin

#47 Declutch
Return Spring

Spring Seat Hole

LY 2001/3001 End View
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Install Handwheel Assembly
12. Install the Clutch Sleeve (piece #13), ensuring the Declutch Fork Assembly (piece #46)  is between the Input

Worm Gear (piece #18) and the Clutch Sleeve (piece #13).
13. Install Thrust Washer (piece #26), Thrust Bearing (piece #27) and second Thrust Washer (piece #26) into the

Handwheel Clutch (piece #16).
14. Put a light coat of grease on the Thrust Bearing. Install Spring (piece #17) into the Handwheel Clutch.
15. Install Handwheel Clutch Assembly (pieces #16, 17, 26 [2 pcs], and 27) into the Housing. Push remaining

Worm Shaft Assembly into the Handwheel Clutch of the Handwheel Clutch Assembly.
16. Install O-Ring (piece #135) over the Worm Shaft Assembly Bearing.
17. Install Bearing Cap (piece #5) and Hardware (pieces #61 and 62).

LY 2001 Handwheel Assembly
18. Install Handwheel Assembly (pieces #146, 41, 112, 69, 192, 134, and 37).
19. Install Hardware (pieces #70 and 71).
20. Go to Step 22.

LY 3001 Handwheel Assembly
18. Install the Handwheel Gear Assembly (pieces #119, 35, and 37).
19. Install the Handwheel Pinion and Idler (piece #43) and Idler Shaft (piece #42).
20. Install the Handwheel Assembly (pieces #146, 41, 112, 136, 39, 34, 137, 116, 115, 38, and 36).
21. Install Screws (pieces #63 and 65) and Lockwashers (pieces #64 and 66) to secure the Handwheel Assembly

onto the housing.

Install Input Worm Motor Pinion Assembly
22. Install Input Worm Motor Pinion Assembly (piece #52, 53, 124, and 31) into the Housing.
23. Install Housing Seal (O-Ring) (piece #131).

Grease Unit
24. Grease unit with the properly recommended grease. (See Section 7.1, Lubrication.)

Install Top Plate
25. Install Top Plate (piece #2) and Hardware (piece #88 and 89).

NOTE: If Top Plate will not fit properly, check Bearing (piece #33) and Declutch Shaft (piece #44) for proper
alignment into Top Plate molding.

Install Torque Switch Assembly, Motor Assembly, and Limit Assembly
26. Install Torque Switch Assembly with Gasket (piece #8) and Hardware (piece #97 and 98).
27. Install Limit Switch (piece #7) with Hardware (piece #79 and 80).
28. Reconnect Limit Switch, Torque Switch, and Terminal Strip. Refer to the actuator wiring diagram for proper

wiring configuration.

Install Control Cover

NOTE: Before installing the Control Cover, reset the Limit Switches and Mechanical Stops. Recheck motor for
proper rotation.

29. Install Cover O-Ring (piece #130).
30. Install Control Cover (piece #3) with Hardware (piece #67 and 68).
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7.4 Troubleshooting

a WARNING: Be aware of electrical hazards within the actuator and high-pressure hazards of the attached
valve or other actuated device when installing or performing maintenance on the LY actuator. 

Symptom Possible Cause Corrective Action
Unit will not No power to unit a. Verify power supply is 
operate electrically electrically correct and 

present at actuator.
b. Verify power leads are 
connected in accordance with 
the applicable wiring diagram.
c. Inspect for blown fuse, tripped 
circuit breaker or overload or 
open disconnect switch. 

Loose or incorrect wiring Check wiring for proper wiring 
connection in accordance with 
the applicable wiring diagram. 
Check also for tight connections.

Limit Switches not set or Check Limit Switch development 
incorrectly set for agreement with the applicable 

wiring diagram. If not set properly, 
follow instructions in Section 5.6, 
Limit Switch and Mechanical Stop 
Settings.

Foreign material on switch Check continuity of microswitch 
contacts preventing good with an ohmmeter.
electrical contact.

Motor runs, but no Actuator not coupled properly Inspect Torque Nut and 
output from unit to output Valve Shaft to verify key is in 

place and properly staked.
Worm gear worn out Remove Worm Shaft Assembly in 

accordance with Section 7.3.1, 
Disassemble Unit LY 1001 or 
Section 7.3.3, Disassemble Unit 
LY 2001/3001 as applicable. Inspect 
worm gear for unusual wear. If 
excessive wear has occurred, 
replace the Worm Shaft Assembly.

Torque Nut disengaged Verify Torque Nut properly
from Drive Sleeve installed in accordance 

with Section 5.3, Installation 
(continued) Overview Step No. 1. 
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Symptom Possible Cause Corrective Action
Motor runs, but no Damaged gearing Disassemble actuator in 
output from unit accordance with Section 7.3.1, 

Disassemble Unit LY 1001 or 
Section 7.3.3, Disassemble Unit 
LY 2001/3001 as applicable. Inspect 
gearing for rough or damaged 
spots. Replace as required. Most 
often, damaged spots are seen in 
motor gear set. 

Unit operation is noisy Inadequate lubrication (poor Inspect quality and quantity of 
quality or not enough) lubrication in accordance with 

Section 7.1, Lubrication.
Gearing misaligned Inspect gearing for uneven wear 

pattern and replace gearing as 
needed. Most wear is seen in the 
motor gear set. 

Worn or damaged bearings Disassemble unit and replace 
worn bearings, seals, and 
lubricant.

Fuse blown Incorrect fuse size Verify fuses are sized correctly.
Pinched wire Inspect control compartment to 

ensure Control Cover is not 
pinching or making contact with 
wiring when installed.

Power surges Investigate control circuit for surges.
Premature Torque Torque Switch setting too low Increase Torque Switch setting as 
Switch trip required, up to but not exceeding 

maximum setting established by 
the Torque Switch Limiter Plate. 

Valve packing too tight Inspect valve packing for 
excessive tightness. Repair valve 
by replacing packing as required. 
Refer to your valve manufacturer 
for specific instructions.

Unit is not properly aligned Take bolts off between 
with valve the unit and the valve. Check for 

proper unit alignment.
Valve needs lubrication Check valve lubrication using 

grease fitting on bottom of valve.
Torque Switch fails to Output rotation not in Consult Flowserve to verify 
stop actuator agreement with unit wiring design rotation. If actual rotation 

is opposite to design rotation, the 
Torque Switch needs to have 
contact wiring reversed. 

Inadequate voltage going to unit Check incoming voltage supply.
Reversing Starter failure Starter undersized Verify starter is sized correctly for 

application. Consult factory to 
(continued) evaluate.
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Symptom Possible Cause Corrective Action
Reversing Starter failure Excessive cycling (too Review application to determine

frequent operation) number of starts per hour and 
review with factory if more than 
100 per hour.

Excessive current draw Valve running loads higher Inspect valve for possible causes 
that expected of high running load. In particular, 

check for excessive tightness of 
valve packing and for proper   
lubrication of valve. Consult 
Flowserve for review of application.

Motor overload tripping Excessive current draw Inspect valve for possible causes 
of high running load. In particular, 
check for excessive tightness of 
valve packing and for proper    
lubrication of valve. Consult 
Flowserve for review of application.

Incorrect overloads Verify proper overloads selected 
for motor rating.

Excessive gear wear Excessive loads Verify actual loads are in 
accordance with both start and 
run capabilities of your actuator.

Inadequate lubrication Inspect quality and quantity of 
lubrication in accordance with 
Section 7.1, Lubrication. 

Improper alignment Inspect worn gears for evidence 
of uneven wear pattern.

Excessive torque Valve running loads higher Inspect valve for possible cause of 
required to turn than expected high running loads. In particular, 
handwheel check for excessive tightness of 

valve packing, proper lubrication 
of valve stem, bent or damaged 
valve, tight Stem/Torque Nut 
fit, worm, or damaged Stem Nut.

Unit is not properly aligned Take bolts off between the unit 
with valve and the valve and check for 

proper unit alignment.
Oil leaking from unit Infrequent operation of Institute periodic operation of 

actuator resulting in grease unit into a maintenance program 
separation to keep grease mixed. If not 

possible, schedule more frequent 
lubrication to ensure adequate 
lubrication of gearbox.

Damaged or worn seals Replace seals.
Valve is closed, but Valve mechanical stops a. Do not set Torque Switch 
flow is not cut off not set correctly higher than maximum setting 

defined by Torque Limiter 
CAUTION: Most quarter-turn valves are position-seated, not Plate. Inspect valve seat and 
torque-seated. Applying additional torque to the hand- repair as required.
wheel and/or repeated electrical bumping at the full b. Check setting of Closed 
closed position may damage the valve and/or the actuator. Mechanical Stop.
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8 Parts Lists

Table 8.1 – LY 1001 Parts List (Refer to Figures 6.5, 6.6 and 6.7)

Piece # Description Qty Piece # Description Qty
1 LY 1001 Housing 1 55 Retaining Washer
2 Top Plate 1 56 Hex Head Cap Screw 4
3 Control Cover 1 57 Lockwasher 4
4 Conduit Adapter 1 58 Mechanical Stop (Set Screw) 2
5 Disc Spring Cap 1 59 Set Screw 2
6 Motor 1 61 Hex Head Cap Screw 4
7 Limit Switch Assembly 4 62 Lockwasher 4
8 Torque Switch Assembly 1 63 Hex Head Cap Screw 2
9 Terminal Strip 2 64 Lockwasher 2
10 Drive Sleeve 1 65 Hex Head Cap Screw 2
11 Capacitor                          Varies 66 Lockwasher 2
12 Capacitor Clamp 1 67 Hex Head Cap Screw 6
13 Clutch Sleeve 1 68 Lockwasher 6
14 Worm Shaft* 1 70 Roll Pin – HW Input Shaft 1
15 Worm* 1 72 Hex Head Cap Screw 1
16 Handwheel Clutch 1 73 Lockwasher 1
18 Input Worm Gear 1 79 Fillister HD Machine Screw 1
19 Ball Bearing* 2 80 Lockwasher 2
20 Disc Spring* 6 81 Terminal Bracket 1
21 Spring Spacer* 2 82 Fillister HD Machine Screw 2
22 Torque Switch Spacer* 1 83 Lockwasher Internal Tooth 2
23 Worm Spacer* 2 84 Pipe Plug 1
24 Ball Bearing 1 85 Pipe Plug 1
26 Thrust Washer 2 86 Hex Head Screw 4
27 Thrust Bearing 1 94 Roll Pin* 1
30 Spring Sleeve* 1 96 Groove Pin* 1
31 Input Worm Shaft 1 97 Fillister HD Machine Screw. 2
32 Torque Nut 1 98 Lockwasher Internal Tooth 2
33 Ball Bearing 1 99 Flat Washer* 1
34 Handwheel Cap 1 100 Flexloc Nut* 1
37 Handwheel Input Shaft 1 106 Dial Window 1
40 Bearing Stop* 1 108 Dial Window Retaining Plate 1
41 Handwheel 1 109 Dial Window Gasket 1
44 Declutch Shaft 1 110 Terminal Strip 1
45 Declutch Lever 1 111 Press-on Retaining Clip 15
46 Declutch Fork Assembly 1 112 Roll Pin - Handwheel 1
47 Declutch Return Spring 1 113 Retaining Ring 1
48 Dowel Pin 1 114 Retaining Ring 1
50 Declutch Latch – Right 1 118 Key* 1
51 Declutch Latch – Left 1 120 Heater 1
52 Ball Bearing 2 121 Roll Pin – Declutch Handle 1
53 Pinion Gear 1 123 Roll Pin – Declutch Shaft 1
54 Motor Pinion Gear 1 124 Roll Pin – Input Shaft 1
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Table 8.1 – LY 1001 Parts List (continued)

Piece # Description Qty Piece # Description Qty
126 Roll Pin 1 153 Spring Spacer* 1
127 O-Ring – Motor 1 154 Compression Spring 2
128 Quad Ring 1 155 Handwheel Washer 2
129 O-Ring (3 mm) 1 156 Spacer – Worm Shaft 1

– Drive Sleeve
130 Cover Seal 1 157 Washer* 1
131 Housing Seal 1 165 Retaining Ring – Torque Nut 1
132 O-Ring – Conduit Adapter 1 169 Capacitor Bracket 1
134 Quad Ring – Handwheel Shaft 1 170 Fillister HD Machine Screw 1
135 O-Ring – Disc Spring Cap 1 171 Lockwasher Internal Tooth 1
137 Handwheel Cap Gasket 1 180 Declutch Lever Plate 1
138 O-Ring – Declutch Handle 1 181 Drive Screws - Handle 2
139 Unit Nameplate 1 182 Cheater Bar Warning Label 1
140 Drive Screw – Nameplate 4 183 Drive Screws 2
141 Grounding Lug 1 184 Retaining Drive Rings 2
142 Hex Head Cap Screw 2 185 Key 1
143 Lockwasher 2 186 Warning Label – Cover 1
144 Pipe Plug 2 187 Washer 1
145 O-Ring – Window 1 188 Quad ring – Handwheel Shaft 1
146 Dial 1 189 Oil Seal – Motor Shaft 1
147 Fillister HD Machine Screw 1
148 Lockwasher Internal Tooth 1

* Worm Shaft Assembly Component

Table 8.2 – LY 2001/3001 Parts List

Piece # Description Qty Piece # Description Qty
1 Housing 1 24 Ball Bearing - Input 1
2 Top Plate 1 25 Lug Adapter 1
3 Control Cover 1 26 Thrust Washer 2
4 Conduit Adapter 1 27 Thrust Bearing 2
5 Bearing Cap 1 28 Stop Pin 2
6 Motor 1 29 Spring Pack Shim* 1
7 Limit Switch Assembly 1 30 Limit Sleeve* 1
8 Torque Switch Assembly 1 31 Input Worm Shaft 1
9 Terminal Strip 2 32 Torque Nut 1
10 Drive Sleeve and Gear 1 33 Ball Bearing 1
11 Capacitor Varies 34 Spur Gear Cover 1
12 Capacitor Bracket 1 35 Handwheel Gear 1
13 Clutch Sleeve 1 36 Handwheel Pinion and Idler 1
14 Worm Shaft* 1 37 Handwheel Input Shaft 1
15 Worm* 1 38 Handwheel Input Shaft 1
16 Handwheel Clutch 1 39 Bushing 3

(Lug Adapter)
17 Compression Spring 1 40 Bushing 1
18 Input Worm Gear 1 41 Handwheel 1
19 Ball Bearing* 2 42 Idler Shaft 1
20 Disc Spring* 6 43 Handwheel Pinion and Idler 1
21 Spring Washer* 1 44 Declutch Shaft 1
22 Bearing Spacer* 1 45 Declutch Lever 1
23 Worm Spacer* 1 46 Declutch Fork Assembly 1
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Table 8.2 – LY 2001/3001 Parts List (continued)

Piece # Description Qty Piece # Description Qty
47 Declutch Lever 1 90 Worm Drive Clamp Varies

Return Spring
48 Dowel Pin 1 94 Socket Head Cap Screw 2
49 Compression Spring 2 95 Lockwasher 2
50 Declutch Latch – Right 1 96 Input Gear – Dowel Pin 2
51 Declutch Latch – Left 1 97 Fillister HD Machine Screw 2
52 Ball Bearing 2 98 Lockwasher Internal Tooth 2
53 Worm Shaft Gear 1 99 Bearing Locknut* 1
54 Motor Pinion Gear 1 100 Stop Window* 1
55 Spring Sleeve* 2 106 Dial Window 1
56 Hex Head Cap Screw 4 107 Dial Window Gasket 1
57 Lockwasher 4 108 Dial Window Retaining Plate 1
58 Full-Threaded Hex Head 2 109 Retaining Drive Ring Internal 1

Cap Screw
59 Locking Nut (Jam Nut) 2 110 Terminal Strip 1
60 Thread-Seal 2 111 Press-on Retaining Clip 15
61 Hex Head Cap Screw 4 112 Roll Pin – Handwheel 1
62 Lockwasher 4 113 Retaining Ring 1
63 Hex Head Cap Screw 2 114 Retaining Ring 1
64 Lockwasher 2 115 Retaining Ring 1
65 Hex Head Cap Screw 2 116 Retainer Washer 1
66 Lockwasher 2 117 Roll Pin (Spring)* 1
67 Hex Head Cap Screw 8 118 Key* 1
68 Lockwasher 8 119 Retaining Ring 1
69 Handwheel Cap Plate 1 120 Heater Bracket Assembly 1
70 Fillister HD Machine Screw 1 121 Roll Pin – Declutch Lever 1
71 Lockwasher 1 122 Roll Pin – Declutch Shaft 1
72 Hex Head Cap Screw 1 123 Roll Pin – Declutch Shaft 1
73 Lockwasher 1 124 Key – Input Shaft 1
74 Fillister HD Machine Screw Varies 125 Retaining Ring – Motor Pinion 1
75 Lockwasher Varies 126 Key – Motor Pinion 1
76 Hex Nut Varies 127 O-Ring – Motor 1
77 Fillister HD Machine Screw Varies 128 Quad Ring – Drive Sleeve 1
78 Lockwasher Internal Tooth 1 129 O-Ring – Drive Sleeve 1
79 Fillister HD Machine Screw 2 130 Cover Seal 1
80 Lockwasher Internal Tooth 2 131 Housing Seal 1
81 Terminal Bracket 1 132 O-Ring – Conduit Adapter 1
82 Fillister HD Machine Screw 2 134 O-Ring – Handwheel Shaft 1
83 Lockwasher Internal Tooth 2 135 O-Ring – Bearing Cap 1
84 Pipe Plug 2 136 Lip Seal 1
86 Hex Head Cap Screw 4 137 Gear Cover Gasket 1
88 Hex Head Cap Screw 2 138 O-Ring – Declutch 1
89 Lockwasher 2 139 Unit Nameplate 1

* Worm Shaft Assembly Component

Flow Control Division

Limitorque Actuation Systems



8-4 LY Installation and Maintenance for LY 1001, LY 2001 and LY 3001 LMAIM1501

Table 8.2 – LY 2001/3001 Parts List (continued)

Piece # Description Qty Piece # Description Qty
140 Drive Screw 4 174 Roll Pin 2
141 Grounding Lug 1 180 Declutch Lever Plate 1
142 Hex Head Cap Screw 2 181 Drive Screw 2
143 Lockwasher 2 182 Cheater Bar Warning Label 1
144 Pipe Plug 2 183 Drive Screw 2
145 O-Ring – Window 1 184 Retaining Washer 1
146 Handwheel Label 1 186 Warning Label 1
147 Fillister HD Machine Screw 1 192 Gear Cover Gasket 1
148 Lockwasher Internal Tooth 1 193 Dial 1
157 Spacer 4

* Worm Shaft Assembly Component
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9 How to Order Parts

To order parts or obtain further information for your Limitorque LY valve actuators, contact your local Limitorque distributor sales
office, or: 

Limitorque

5114 Woodall Road

P.O. Box 11318

Lynchburg, VA 24506-1318

Telephone (434) 528-4400

FAX (434) 845-9736

All inquiries or orders must be accompanied by the following information:

1. Unit Size

2. Limitorque Order Number
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10 Regulatory Information

Declaration of Conformity

Application of Council Directive(s)
89/336/EEC; EMC Directive
98/37/EEC;  Machinery Directive

Standard(s) to which Conformity is Declared
Machinery; EN 60204 EMC
• Emissions; EN 50081-1and 2, EN 55011, CFR 47
• Immunity; EN 50082-1and 2, IEC 801-3 and IEC 801-6 ESD; IEC 801-2
• EFT/Bursts; IEC 801-4
• Surge Immunity; IEC 801-5, ANSI/IEEE C62.41 Mains (power)
• Harmonics; MIL-STD-462, Method CSO1 and CSO2
Manufacturer’s Name
Limitorque, a Flowserve Company
Manufacturer’s Address
5114 Woodall Road
Lynchburg, VA  24502
Importer’s Name
Limitorque, a Flowserve Company
Importer’s Address
Abex Road
Newbury
Berkshire, RG14 5EY
England
Type and Description of Equipment
Valve Actuators
Model Number
LY Series
Note
Tested with Limitorque products only
I, the undersigned, hereby declare that the equipment specified above conforms to the above Directive(s) and Standard(s). List as
follows:

(Signature)
Barry Morse
(Full Name)
Internal Sales Manager
(Title)
Newbury, England
Place
November 1, 1999
Date

Flow Control Division

Limitorque Actuation Systems



10-2 LY Installation and Maintenance for LY 1001, LY 2001 and LY 3001 LMAIM1501

This page is intentionally blank.

Flow Control Division

Limitorque Actuation Systems



Flow Control Division

Limitorque Actuation Systems

Limitorque 
5114 Woodall Road
P.O. Box 11318
Lynchburg, VA 24506-1318
Phone (434) 528-4400, Fax (434) 845-9736
http://www.limitorque.com

Limitorque
Abex Road
Newbury
Berkshire, RG14 5EY
England 
Phone 44-1-635-46999
Fax 44-1-635-36034

Limitorque Nippon Gear Co., Ltd.
Asahi-Seimei Bldg. 4th Floor
1-11-11 Kita-Saiwai, Nishi-Ku
Yokohama-Shi, (220-0004)
Japan
Phone 81-45-326-2065
Fax 81-45-320-5962

Limitorque India, Ltd.
15/4, Mile Stone
Mathura Road
Faridabad - 121002
India
Phone 91-129-2276586, 2276836
Fax 91-129-2277135

Flowserve Australia, Pty. Ltd.
14 Dalmore Drive
Scoresby, Victoria 3179
Australia
Phone: 613-9729-2633
Facsimile: 613-9729-2644

Limitorque Asia, Pte., Ltd.
12, Tuas Avenue 20
Singapore 638824
Phone 65-6868-4628
Fax 65-6862-4940

(Replaces 150-12000)
© 2003 Flowserve Corporation, Irving, Texas, USA. Flowserve and Limitorque are registered trademarks of Flowserve Corporation. LMAIM1501 Nov. 2003  Printed in USA

Flowserve Corporation has established industry leadership in the design and manufacture of its products. When properly selected, this Flowserve product is designed to 
perform its intended function safely during its useful life. However, the purchaser or user of Flowserve products should be aware that Flowserve products might be used in
numerous applications under a wide variety of industrial service conditions. Although Flowserve can (and often does) provide general guidelines, it cannot provide specific
data and warnings for all possible applications. The purchaser/user must therefore assume the ultimate responsibility for the proper sizing and selection, installation, 
operation, and maintenance of Flowserve products. The purchaser/user should read and understand the Installation Operation Maintenance (IOM) instructions included with
the product, and train its employees and contractors in the safe use of Flowserve products in connection with the specific application.

While the information and specifications contained in this literature are believed to be accurate, they are supplied for informative purposes only and should not be consid-
ered certified or as a guarantee of satisfactory results by reliance thereon. Nothing contained herein is to be construed as a warranty or guarantee, express or implied,
regarding any matter with respect to this product. Because Flowserve is continually improving and upgrading its product design, the specifications, dimensions and infor-
mation contained herein are subject to change without notice. Should any question arise concerning these provisions, the purchaser/user should contact Flowserve
Corporation at any one of its worldwide operations or offices.

FLOWSERVE CORPORATION
FLOW CONTROL DIVISION
Limitorque Actuation Systems
5114 Woodall Road
P.O. Box 11318
Lynchburg, VA 24506-1318
Phone: 434 528 4400
Facsimile: 434 845 9736
www.limitorque.com

For more information about Flowserve Corporation, contact www.flowserve.com or call USA 1-800-225-6989.
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The Milliken criteria of quality, Computer Aided Design
reliability, safety and value are High integrity casting
embodied in the MILLCENTRIC CNC manufacturing delivers
Eccentric valve, setting higher consistent sizes on all components
standards for dependable 
performance with excellent features All complemented by rigorous 
achieved by the utilization of the very Quality Control System
latest design and manufacturing 
techniques. PLUG

BODY Supported on integral trunnions, the plug face is 
covered with a elastomer that is molded 2 1/2" - 12" and 

Conforming to AWWA C504 wall thickness, the vulcanized on 14" and larger to the casting providing 
Millcentric valve body casting is in ASTM A126 CL B tight shut off even under vacuum conditions. High
cast iron using high pressure molding techniques. integrity corrosion-free sealing is achieved by a
Alternative flanged, grooved or mechanical joint ends variety of abrasion resistant elastomers which protect
are available. the plug right up to the trunnions. When assembled, 
Flange diameter, thickness and drilling conform to the light compression of the elastomers onto PTFE
ANSI B16.1 Class 125 or 250. thrust washers, prevents entry of abrasive materials
Grooved ends meet AWWA C-606 for ductile or steel into the bearings.
pipe. Mechanical joints to AWWA C111 (ANSI A21.11).

BONNET SEAL
SEAT

Superior "O" ring sealing with metal/metal contact
The Millcentric valve incorporates as standard, on 3" means lower bolting stresses compared with 
and larger, a welded nickel seat for corrosion and compression gaskets.
erosion resistance specially profiled for low torque
and extended seat life. FLOW
An alternative corrosion resistant epoxy seat is 
available for general service duties. The port design (round on 2 1/2" - 12" and rectangular on

14" and larger) with streamlined internal contours 
STEM SEAL gives high capacity straight through flow in the full

open position, reducing turbulence and pressure drop
High integrity sealing by combining the advantages of and the effect of erosive media. Handling of sludges 
a resilient and abrasion resistant U-Cup seal. From and slurries is therefore enhanced.
vacuum to high pressure, the self-adjusting sealing 
system (per AWWA C504) gives positive, trouble-free INTERCHANGEABLE
service and is retained independently of the plug 
stem or external torque device. Because of common face to face dimensions with

wedge gate valves ( 3" - 12" ), fitting the tight shut-off
BEARINGS rotary MILLCENTRIC valve into existing systems is 

accomplished without pipeline modifications.
The plug rotates in permanently lubricated 316 grade
stainless steel bearings located in  the body and TRAVEL STOPS
bonnet, along with upper and lower PTFE thrust 
washers, which ensure consistently low operating Adjustable open and closed travel stops are fitted as
torque. standard on both wrench and gear operated 

Millcentric valves.



The Millcentric valve is suitable for flow and Design of the bonnet and stem allows for on-site

shut -off in either direction. Seat end downstream is adaptation of gear operators, power actuators, or

the preferred orientation and any reverse flow extension devices on to standard valves.

requirement should be stated at time of order. Conversion can be easily undertaken without

For use on fluids with suspended solids, installation removing the valve bonnet, thereby minimizing

with the seat upstream and the valve stem downtime.

horizontal may be preferable; plug rotation to the
top of the valve will ensure smooth operation.

Pneumatic, electric or hydraulic operation is
available, complete with accessories such as limit

In the unlikely event of gland leakage, the stem switches, solenoid valves and positioners when 

seals can be easily replaced without removing the required.

bonnet. Access to the body for cleaning or 

inspection does not require removal from the line.

    Valve in closed position for 

bubble tight shut-off. 

    Normal flow direction 

gives pressure assisted 

sealing. 

    Torques are low even in 

reverse flow.

   Plug rotates away from the 

seat for instant opening. 

    Seat wear and operating 

torque reduced. 

    No further seat contact 

until valve is closed again. 

    Design of MILLCENTRIC 

valve allows modulating 

control over the full 90° 

travel. 

    Ideally suited for balancing 

service. 

    Standard MILLCENTRIC 

rotary valve provides control 

and tight shut-off in one valve.

    Plug is out of the flow path 

when fully open.

    Straight through, 

uninterrupted smooth flow.

    Round port reduces 

turbulence and erosion, 

lowers pumping costs and 

can be "pigged" to clean the 

pipeline.

POWER OPERATION

INSTALLATION

IN-LINE MAINTENANCE

MODULAR CONSTRUCTION



MATERIALS OF CONSTRUCTION
Item Component Material Specification Item Component Material Specification

1 Indicator Cap Plastic 12 Snap Ring Spring Steel
2 Star Nut Steel 13 Washer Brass ASTM B-138-675
3 Open Stop Steel 14 U-Cup Seal Elastomer Same as Plug
4 Washer Steel 15 Capscrew Steel
5 Nut Steel 16 Bonnet Cast Iron ASTM A-126

 Class B
6 Torque Collar Ductile Iron ASTM A-536 17 “O” Ring Elastomer Same as Plug
7 Lock Nut Steel 18 Journal Bearing Stainless

Steel
ANSI 316

8 Torque Bolt Steel 19 Thrust Washer PTFE
9 Lock Nut Steel 20 Plug Ductile Iron ASTM A-536

Grade 65-45-12
10 Closed Stop Steel 21 Plug Coating Elastomer As Specified
11 Travel Stop Steel 22 Body Cast Iron ASTM A-126

Class B



ELASTOMERS AVAILABLE FOR PRESSURE RATING
MILLCENTRIC VALVE 12" and smaller ANSI 125   175 psi
Natural rubber is also available. 14"-36" ANSI 125   150 psi

42" and larger ANSI 125   125 psi
  Nitrile 12" and smaller ANSI 250   400 psi

14"-36" ANSI 250   300 psi
A general purpose material sometimes referred to Body Hydrotest = 200% of rated pressure
as BUNA-N or HYCAR with a -20oF to 225oF Seat Test = 120% of rated pressure
temperature range. Used on sewage, water, MILLCENTRIC VALVE - SERIES 600
hydrocarbon and mineral oils. ORDERING INFORMATION

Valve Types Designation
  EPDM Mechanical Joint 600

ANSI 125 Flanged 601
An excellent polymer for use on chilled water ANSI 250 Flanged 602
through to LP steam applications having a ANSI 125 Grooved End for Steel Pipe 606S
temperature range of -35oF to 250oF. Resistance to ANSI 125 Grooved End for Ductile Iron Pipe 606D
many acids, alkalies, detergents, phosphate esters, Seat
alcohols and glychols is an added benefit. Nickel N

Epoxy E
  Neoprene ElastomerTrim

EPDM 0
This versatile material shows outstanding resistance Nitrile (Buna) 1
to abrasion and ozone. Chemical resistance to a Viton 2
wide range of petroleum based products and dilute Neoprene 3
acids and alkalies. Temperature range -20oF to Natural 4
225oF. Gear Operators

Buried Gear with 2" nut BG
  Viton Above Ground Gear with Indicator AG

and Handwheel
Retention of mechanical properties at high Memory Stop Gearbox with MG
temperature is an important feature of this Handwheel
elastomer- temperature range is -10oF to 400oF. It Example: 4" 601 N3AG
also has excellent resistance to oils, fuels, 4" ANSI 125 Flanged with Nickel Seat, Neoprene
lubricants and most mineral acids and aromatic Elastomer and Above Ground Gear with Indicator and 
hydrocarbons. Handwheel

VALVES ARE ONLY SUPPLIED FOR BI-DIRECTIONAL SHUT-OFF IF SPECIFIED AT TIME OF ORDER.

The chart below is to assist in the selection of doubt regarding compatibility, specific conditions 

elastomers for some common fluids.  It doesn't should be referred to engineering for 

mean other elastomers are not suitable within recommendations.  The chart below is to serve as a 

varying limits.  Temperature, concentration, and guide only.

mixture all affect chemical attack.  If there is any

Service Elastomer Average Service Elastomer Average Service Elastomer Average

Uselul Temp. Uselul Temp. Uselul Temp.

Range Range Range

Acetone EPDM  -35oF to 250oF Caustic Soda EPDM  -35oF to 250oF Oil, Animal Nitrile   0oF to 212oF
Air EPDM  -35oF to 250oF Cement Sluriy EPDM  -35oF to 250oF Oil, Mobil Therm Light Viton  10oF to 250oF
Air w/oil Nitrile   0oF to 212oF Copper Sulphate EPDM  -35oF to 250oF Oil, Mobil Therm 600 Viton  10oF to 250oF
Alcohol, Amyl EPDM  -35oF to 250oF Creasote (Coal) Nitrile   0oF to 212oF Oil, Mobil Therm 603 Nitrile   0oF to 212oF
Alcohol, Aromatic Viton  10oF to 250oF Coal Slurry Nitrile   0oF to 212oF Oil, Lubricating Nitrile   0oF to 212oF
Alcohol, Butyl Neoprene  -20oF to 225oF Diesel Fuel No 1 Nitrile   0oF to 212oF Oil, Vegetable Nitrile   0oF to 212oF
Alcohol, Denatured Nitrile   0oF to 212oF Diethylene Glycol EPDM  -35oF to 250oF Paint, Latex Nitrile   0oF to 212oF
Alcohol, Ethyl EPDM  -35oF to 250oF Ethylene Glycol EPDM  -35oF to 250oF Phosphate Ester EPDM  -35oF to 250oF
Alcohol, Grain Nitrile   0oF to 212oF Fatty Acid Nitrile   0oF to 212oF Propane Nitrile   0oF to 212oF
Alcohol, Isosproply Neoprene  -20oF to 225oF Fuel Oil No 2 Nitrile   0oF to 212oF Rape Seed Oil EPDM  -35oF to 250oF
Alcohol, Methyl EPDM  -35oF to 250oF Fertilizer Liquid (H4N2,O2) EPDM  -35oF to 250oF Sewage (w/oils) Nitrile   0oF to 212oF
Ammonia, Anhydrous Neoprene  -20oF to 225oF Gasoline, Keg Nitrile   0oF to 212oF Sodium Hydroxide 20% EPDM  -35oF to 250oF
Arnmonium Nitrate EPDM  -35oF to 250oF Gas, Natural Nitrile   0oF to 212oF Starch EPDM  -35oF to 250oF
Ammonia, Water EPDM  -35oF to 250oF Glue, Animal Nitrile   0oF to 212oF Steam to 300oF EPDM  -35oF to 250oF
Animal Fats Nitrile   0oF to 212oF Green Liquor EPDM  -35oF to 250oF Sloddard Solvent Nitrile   0oF to 212oF
Black Liquor EPDM  -35oF to 250oF Hydraulic Oil (Petro) Nitrile   0oF to 212oF Sulphuric Acid 10%-50% Neoprene  -20oF to 225oF
Blast Furnace Gas Neoprene  -20oF to 225oF Hydrogen Nitrile   0oF to 212oF Sulphuric Acid 100% Viton  10oF to 250oF
Butane Nitrile   0oF to 212oF JP4, JP5 Viton  10oF' to 250oF Trichloroethylene Dry Viton  10oF to 250oF
Bunker Oil "C" Nitrile   0oF to 212oF Kerosene Nitrile   0oF to 212oF Triethanol Amine EPDM  -35oF to 250oF
Calcium Chloride EPDM  -35oF to 250oF Ketone EPDM  -35oF to 250oF Varnish Viton  10oF to 250oF
Carbon Dioxide. EPDM  -35oF to 250oF Lime Slurry EPDM  -35oF to 250oF Water, Fresh EPDM  -35oF to 250oF
Carbon Monoxide (Cold) Neoprene  -20oF to 225oF Methane Nitrile   0oF to 212oF Water, Salt EPDM  -35oF to 250oF
Carbon Monoxide (Hot) Viton  10oF to 250oF Methyl Ethy Ketone EPDM  -35oF to 250oF Xylene Viton  10oF to 250oF
Carbon Tetrachloride Viton  10oF to 250oF Naptha (Berzin) Nitrile   0oF to 212oF

ELASTOMER SELECTION CHART



FLANGED END FIG.601 175 PSI

Size 2.5 3 4 5 6 8 10 12 14

A 7 7.5 9 10 11 13.5 16 19 21

B 0.68 0.75 0.93 0.93 1 1.12 1.18 1.25 1.38

C 7.5 8 9 10 10.5 11.5 13 14 17

D 6.18 6.18 7.25 8.38 8.38 10.68 - - - - - -

E 3..5 3.75 4.5 5.75 5.75 7.62 8.88 10 13

F 5.38 5.59 6.31 7.56 7.56 9.63 11.63 13.31 13.31

G 6 6 6 6 6 12 12 12 12

Weight (approx.) ** ** **
30 40 70 105 115 190 345 440 510

*10” & above have gear operators as standard

** Weight includes gear operator

NOTE: Drawings are for information purposes only; please request 

           certified drawings before preparing piping diagrams

FLANGED END - ANSI 125



MECHANICAL JOINT END FIG.600 175 PSI

MECHANICAL JOINT END
Size 3 4 6 8 10* 12* 14*

A 7.68 9.0 11.12 13.38 15.62 17.93 20.31
B 0.93 1.0 1.06 1.12 1.18 1.38 1.31
C 11.5 14.25 15.75 17.38 19.38 20.75 24.50
D 6.5 9.25 10.75 12.38 14.38 15.75 17.50
E 2.5 2.5 2.5 2.5 2.5 2.5 3.5
F 6.18 7.25 8.38 10.68 - - - - - -
G 3.84 4.5 5.75 7.62 8.88 10.0 13.00
H 5.62 6.31 7.56 10.12 11.62 13.31 13.31

WT
(approx.) 50 80 125 200

**
360

**
480

**
575

*10” & above have gear operators as standard
** Weight includes gear operator

NOTE: Drawings are for information purposes only; please request certified drawings before
preparing piping diagrams



Size 14 16 18 20 24 30 36 42 48 54 Size 14 16 18 20 24 30 36 42 48

A 21.0 23.25 25.0 27.5 32.0 38.75 46.0 53.0 59.5 66.25 A 20.31 22.56 24.84 27.0 31.5 39.12 46.0 53.0 60.0

B 1.38 1.43 1.56 1.68 1.88 2.12 2.38 2.62 2.75 3.0 B 1.31 1.38 1.43 1.50 1.62 1.68 2.0 2.0 2.0

C 17.0 17.75 21.5 23.5 42.0 51.0 60.0 72.0 84.0 96.0 C 24.5 27.25 29.25 31.0 42.0 51.0 60.0 72.0 84.0

D 15.06 15.81 17.0 20.43 22.88 27.59 33.0 37.62 37.62 37.62 F 15.06 15.81 17.0 20.43 22.88 26.93 33.0 37.62 37.62

E 13.0 14.0 15.0 16.0 21.62 24.75 29.0 29.0 36.0 36.0 G 13.0 14.0 15.0 16.0 21.62 24.75 29.0 29.0 36.0

H 18.0 18.0 18.0 18.0 24.0 24.0 24.0 30.0 30.0 30.0 Weight (approx.)

Weight (approx.) 905 1030 1355 1880 3800 5200 6950 10160 13350

905 1030 1355 1880 3800 5200 6950 10160 13350 15100

Flanged valves meet ANSI B16.1 M.J. valves meet ANSI 21.11 & AWWA C-111

Weight includes gear operator

NOTE: Drawings are for information purposes only; please request 

certified drawings before preparing piping diagrams

NOTE: Dimensions on 60" and larger available upon request.

FLANGED END  -  ANSI  125 / 150 MECHANICAL JOINT END



FLANGED END FIG.602 2 1/2" -12"   400 PSI

14" -16"   300 PSI

Size 2.5 3 4 5 6 8 10 12 14 16 18 20 24 30 36
A 7.50 8.25 10.00 11.00 12.50 15.00 17.50 20.50 23.00 25.50 28.00 30.50 36.00 43.00 50.00
B 1.06 1.12 1.25 1.38 1.43 1.62 1.88 2.00 2.12 2.25 2.38 2.50 2.75 3.00 3.38
C 9.50 11.12 12.00 15.00 15.88 16.50 18.00 19.75 18.50 19.38 23.12 25.00 42.88 51.88 61.00
E 3.50 3.75 4.50 5.75 5.75 8.25 8.88 10.00 13.00 14.00 15.00 16.00 21.62 24.75 29.00
F 6.00 6.09 7.06 8.31 8.31 10.13 13.88 14.75 15.60 15.81 17.00 20.43 22.88 27.59 33.00
H 6.00 6.00 6.00 6.00 6.00 12.00 12.00 12.00 18.00 18.00 18.00 18.00 24.00 24.00 24.00

Weight (approx.)
40 80 120 162 170 275 398 590 980 1125 1830 2060 4160 5700 7670

NOTE: Drawings are for information purposes only; please request 

certified drawings before preparing piping diagrams

FLANGED END  -  CLASS 250

Weight includes gear operator

All above have gear operators as standard



FLANGED END FIG.601RL 2 1/2" -12"   175 PSI

14" -16"   150 PSI
42" and larger  125 PSI

Size 2.5 3 4 5 6 8 10 12 14 16 18 20 24 30 36 42
A 7.00 7.50 9.00 10.00 11.00 13.50 16.00 19.00 21.00 23.25 25.00 27.50 32.00 38.75 46.00 53.00
B 0.80 0.88 1.05 1.05 1.12 1.25 1.30 1.38 1.50 1.55 1.68 1.80 2.00 2.25 2.50 2.93
C 7.75 8.25 9.25 10.25 10.75 11.75 13.25 14.25 17.25 18.00 21.75 23.75 42.25 51.25 60.25 72.25
E 3.50 3.75 4.50 5.75 5.75 7.62 8.88 10.00 13.00 14.00 15.00 16.00 21.62 24.75 29.00 31.25
F 6.00 6.09 7.06 8.31 8.31 10.13 15.50 17.19 15.06 15.81 17.00 20.43 22.88 27.59 33.00 37.62
H 6.00 6.00 6.00 6.00 6.00 12.00 12.00 12.00 18.00 18.00 18.00 18.00 24.00 24.00 30.00 30.00

Weight (approx.)
30 70 100 135 145 240 345 440 905 1030 1355 1880 3800 5200 6950 10160

NOTE: Drawings are for information purposes only; please request 

certified drawings before preparing piping diagrams

All above have gear operators as standard

FLANGED END    -    ANSI    125    RUBBER    LINED

Weight includes gear operator



GROOVED END FIG.606  175 PSI

Size 2.5 3 4 5 6 8 10* 12* 14*
A 2.50 3.00 4.00 5.00 6.00 8.00 10.00 12.00 14.00

C - DUCT. N/A N/A 10.25 N/A 12.50 14.00 16.56 18.00 21.63

C - STEEL 8.50 8.50 10.13 12.38 12.38 13.88 16.44 18.00 21.50
D 6.18 6.18 7.25 8.38 8.38 10.68  - -  - -  - - 
E 3.50 3.75 4.50 5.75 5.75 7.62 8.88 10.00 10.00
F 5.38 5.59 6.31 7.56 7.56 9.63 11.63 13.31 13.31
G 6.00 6.00 6.00 6.00 6.00 12.00 12.00 12.00 18.00

Weight (approx.) ** ** **
20 30 50 70 80 145 325 420 460

* 10" & above have gear operators as standard

** Weight includes gear operator

NOTE: Drawings are for information purposes only; please request 

certified drawings before preparing piping diagrams

GROOVED END   -   AWWA  606



                 MILLCENTRIC valve.

                ly in buried service, are available.
                     Chainwheel operation & locking devices are redily incorporated onto the

ADAPTATION
           A range of extended stems & floor mounted stands for remote operation, particular-



PROPOSED
TECHNICAL SPECIFICATION
Eccentric Plug Valves 3"- 72"

Valves shall be of the non-lubricated, eccentric type. Flanged valves shall be manufactured in accordance with
ANSI B16.1, Class 125/150, including flange thickness as required by AWWA C504-00, Table 2 and comply
with MSS-SP-108 (Eccentric Plug Valves) in all respects. Mechanical joint ends shall be in compliance with
AWWA/ANSI C-111-92.

Valves shall be designed and manufactured to have a minimum wall thickness compliant to AWWA C504-00.
Plug shall be round thru 12” and rectangular for sizes 14" and larger. Lay lengths shall be compliant to MSS-SP-
108 for all valve sizes.

Valve bodies shall be of ASTM A-126, Class B cast iron in accordance with AWWA C-504-00, Sec. 4.4.2.1. or
ASTM A-536 ductile iron. Valves 3” and larger shall he furnished with a welded-in overlay seat of not less than
90% nickel in accordance with AWWA C-507-85, Sec. 3.2.3.5. Nickel thickness shall be not less than .125".
Sprayed, plated screwed-in seats are not acceptable.

Plugs shall be of ASTM A-536, Grade 65-45-12 high strength ductile iron in conformance with
AWWA C-504-00, Sec. 4.4.2.2. or solid one piece cast iron. Two piece plugs or plugs with internal cavities are
not acceptable. The plug shall be of one piece solid construction with PTFE thrust bearings on the upper and
lower bearing journals to reduce torque and prevent dirt and grit from entering the bearing and seal area. Valves
that do not isolate the bearing area from debris are not acceptable. Valves shall be furnished with replaceable
sleeve type bearings conforming to AWWA C-504-00, Sec. 4.5.6.4 and AWWA C507-85, Sec. 3.2.4. Bearings
shall be of sintered, oil impregnated type 316 stainless steel ASTM A-743, Grade CF8M.

Part areas shall provide for the following minimum flow coefficients or be a minimum of 100% port.

    Valve Size Cv(GPM)    Valve Size Cv(GPM)

  3" 500 14”   6,000
  4" 1,000 16”   9,000
  5” 2,000 18” 11,000
  6” 2,000 20” 13,000
  8” 3,000 24” 21,000
10” 6,000 30” 36,000
12" 7,000 36” 47,000

All plug valves, for whatever service, shall he capable of passing "pigging" cleaning equipment in either direction
and manufacturer shall so certify that this may he done without the use of special equipment.
Valve Shaft seals shall be of the dual “U” cup type in accordance with AWWA C-504-00, Sec. 4.5.7.1.  Seals
shall be self adjusting and repackable without removing the bonnet from the valve. Packing adjustment shall not
result in an increase in plug friction or resulting torque. Packing replacement shall be achieved without need to
cut packing during reinstallation and not require cap removal. Single piece packing arrangements are not
acceptable.

Wrench operated valves 2 ½”- 8" shall be capable of being converted to worm gear or automated operation
without removal of the bonnet or plug from the valve. All wrench operated valves shall be equipped with a 2"
square nut for use with removable levers or extended “T” handles. Worm gear operators, where required, shall
be of heavy-duty ductile iron construction with ductile iron quadrant supported on top and bottom by oil
impregnated bronze bearings. The worm gear and shaft shall be manufactured of hardened steel and run on
high efficiency roller bearings. Gear shall have both open and closed stops, shall he flush-mounted to the valve
exposing no portion of the plug stem and shall be rated for the valves design pressure rating for bi-directional
shut off.  Buried service gears shall be designed and certified to withstand input loads of up to 300 ft. lbs.
minimum without damage.

Valves shall be designed and manufactured to shut off bubble tight at 175 psi for valves 2 ½” through 12" and at
150 psi for valves 14" through 36”. Valves 42” and larger shall be certified bubble tight at 125 psi. Each valve
shall be given a bi-directional hydrostatic seat test with the test results being certified by the manufacturer when
required. All actuation shall he supplied and full warranted by the plug valve manufacturer.

Certified copies of Proof-of-Design test reports shall be furnished as outlined in AWWA C-504-00, Section 5,2.4.

Plug valves shall be Millcentric Series 601 / 600 as manufactured by Milliken Valve Company of
Bethlehem, PA.

1995 Highland Ave. Suite 500,  Bethlehem, PA 18020-9081
Phone: 610-861-8803                  FAX: 610-861-8094



Operation and Maintenance Plan 
Site R Groundwater Migration Control System 
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OPERATIONS & MAINTENANCE 
======================================== 

       
 
       OPERATING   INSTRUCTIONS 
 

WRENCH OPERATED MILLCENTRIC 
 
Wrench operated Millcentric valves close by turning the valve 90 degrees clockwise. 
  
    TORQUE  COLLAR  
All wrench operated Millcentric valves are equiped with a multifunction device referred to here as a 
torque collar. This device serves as: 
 
   1. Wrench Adapter-2" square 
   2. Position Indicator 
   3. Open Memory Stop 
   4. Closed Memory Stop 
   5. Running Torque Adjustment 
    
    Position Indicator 
The top of the plug has an indicator plate to show the approximate plug position. Cast onto the torque 
collar is an indicator mark which corresponds to a graduated scale cast on the bonnet of the valve. This 
scale is divided into 15 degree lines and indicates the  exact valve opening from full open to full closed. 
 
    Open Memory Stop 
The torque collar also incorporates an open memory stop feature. The plug can be set by tightening bolt 
2 after the correct flow is achieved. The valve can then be closed for mainteneance and reopened to the 
proper position with out recheck the flow. 
 
    Closed Memory Stop 
The closed memory stop is provided to allow for discrepancies in the molded elastomer and to allow for 
wear of either the plug coating or the seat. The closed stop is pre-set at the factory and should not 
require readjustment unless substantial wear occurs.  
 
To adjust the plug for excess plug or seat wear simply rotate the closed stop two turns clockwise  then 
rotate the plug (clockwise) futher into the seat and check the flow. Shold this movement fail to shut off 
the flow repeat the above step. Afterward re-set the lock nut to prevent the position from being altered. 
 
 
 
 
 
 
 
 

 
 



OPERATIONS & MAINTENANCE 
=================================================================== 
       
 
 
 
    Running Torque Adjustment 
The nature of eccentric plug valves "camming" action eliminates the majority of the torque prior to 
seating- in the running stage. To prevent the plug from creeping open 
or slammming closed the torque collar maintains a constant drag on the shoulder of the valve bonnet. 
This adjustment is also factory set and should only be tightend if the valve exhibits the above mentioned 
creeping or slamming conditions. 
 
To prevent the plug from unnecessary movement rotate the hex head bolt clockwise until the is a 
substanitial drag on the plug but not so much as to prevent the movement of the plug with the supplied 
wrench. 
 
 
           Wrench Operated Valve With Torque Collar 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
OPERATING   INSTRUCTIONS 

 
GEAR OPERATED MILLCENTRIC 

 
Gear operated Millcentric valves close by tuning the gear input shaft clockwise until closed. Please see 
specific valve drawing for the exact number of turns to close. 
    
    Position Indicator 
        (Above ground units only) 
The top of the gear operator has an indicator plate to show the plug position. This scale, cast onto the 
gear housing, is divided into 15 degree lines and indicates the exact valve opening from full open to full 
closed. Buried service units are totally enclosed and sealed for use below grade. 
 
    Open and Closed  Memory Stops 
The closed memory stop is provided to allow for discrepancies in the molded elastomer and to allow for 
wear of either the plug coating or the seat. The closed stop is pre-set at the factory and should not 
require readjustment unless substantial wear occurs.  
 
To adjust the plug for excess plug or seat wear simply rotate the closed stop two turns clockwise  then 
rotate the handwheel or nut (clockwise) to move the plug futher into the seat and check the flow. Should 
this movement fail to shut off the flow repeat the above step. Afterward re-set the lock nut to prevent the 
position from being altered. 
 
    Gear Operated Valve 
 

               
 
 



 
OPERATIONS  & MAINTENANCE 
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MAINTENANCE   INSTRUCTIONS 
 

GEAR OPERATED VALVE 
 
The Millcentric is designed and manufactured to be a long life valve under normal circumstances. It 
does not require any routine maintenance. Cycling the valve from full open to full closed on an annual 
basis will increase the life of the valve and operator components.  
 
However, if maintenance is required, due to unusual wear or service conditions the following procedure 
should be followed: 
 

DISASSEMBLY  PROCEDURE 
  

BODY 
The Millcentric is a top entry valve; therefore the body can remain in line during this operation. Remove 
the bolts holding the gear operator cap in place. Remove the cap and remove the internal bolts fastening 
the gear operator to the valve body. Remove the  gear operator and set aside.  With the valve de-
pressurized, remove the hexagonal head cap screws that hold the bonnet to the valve body. Remove the 
bonnet, leaving the plug in the body. At this point the plug, PTFE thrust washers, journal bearings and 
bonnet "O" ring are accessible and can be removed and replaced. 
 
Care should be taken not to damage the plug elastomer or bonnet "O" rings upon reassembly. 
 
Reverse the above process for reassembling the Millcentric. 
 

STEM  SEALS 
Remove the bolts holding the gear operator cap in place. Remove the cap and remove the internal bolts 
fastening the gear operator to the valve body. Remove the gear operator and set aside. 
 
With the valve de-pressurized, using internal snap ring pliers, remove the snap ring and thrust washer. 
The "U" cup seals can now be pried out of the seal cavity. To replace reverse the above process.  

 
 
 
 
 



 
 

OPERATIONS  & MAINTENANCE 
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    MAINTENANCE   INSTRUCTIONS 

 
WRENCH OPERATED VALVE 

2-1/2"- 8" 
The Millcentric is designed and manufactured to be a long life valve under normal circumstances. It 
does not require any routine maintenance..  
 
However if maintenance is required , due to unusual wear or service conditions the following procedure 
should be followed: 
 

DISASSEMBLY  PROCEDURE 
 

BODY 
The Millcentric is a top entry valve; therefore the body can remain in line during this operation. Remove 
the socket head capscrew fastening the torque collar to the plug stem. Remove the torque collar and set 
aside.  With the valve de-pressurized, remove the hexagonal head cap screws that hold the bonnet to the 
valve body. Remove the bonnet, leaving the plug in the body. At this point the plug, PTFE thrust 
washers, journal bearings and bonnet "O" ring are accessible and can be removed and replaced. 
 
Care should be taken not to damage the plug elastomer or bonnet "O" rings upon reassembly. 
 
Reverse the above process for reassembling the Millcentric. 
 

STEM  SEALS 
Remove the socket head capscrew fastening the torque collar to the plug stem. Remove the torque collar 
and set aside.  
 
With the valve de-pressurized, using internal snap ring pliers, remove the snap ring and thrust washer. 
The "U" cup seals can now be pried out of the seal cavity. To replace reverse the above process.  
 

 
 
 
 
 



 
 
 
 

OPERATIONS  & MAINTENANCE 
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    MAINTENANCE   INSTRUCTIONS 

 
 

THREADED WRENCH OPERATED VALVE 
1/2"- 2" 

The Millcentric is designed and manufactured to be a long life valve under normal circumstances. It 
does not require any routine maintenance..  
 
However if maintenance is required , due to unusual wear or service conditions the following procedure 
should be followed: 
 

DISASSEMBLY  PROCEDURE 
 

BODY 
The Millcentric is a top entry valve; therefore the body can remain in line during this operation. Remove 
the spring pin fastening the torque collar to the plug stem. Remove the torque collar and set aside.  With 
the valve de-pressurized, rotate the bonnet counterclockwise to loosen the bonnet from the valve body. 
Remove the bonnet, leaving the plug in the body. At this point the plug, journal bearings and bonnet "O" 
ring are accessible and can be removed and replaced. 
 
Care should be taken not to damage the plug elastomer or bonnet "O" rings upon reassembly. 
 
Reverse the above process for reassembling the Millcentric. 
 

STEM  SEALS 
 Remove the spring pin fastening the torque collar to the plug stem. Remove the torque collar and set 
aside. With the valve de-pressurized, rotate the bonnet counterclockwise to loosen the bonnet from the 
valve body. Remove the bonnet, leaving the plug in the body. At this point the stem "O" rings are 
accessible and can be removed and replaced. 
 
Reverse the above process for reassembling the Millcentric. 
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ACTUATED VALVES 
 
The Millcentric is designed and manufactured to be a long life valve under normal circumstances.  It 
does not require any routine maintenance.  Cycling the valve from full open to full closed on an annual 
basis will increase the life of the valve and operator components.  
 
However, if maintenance is required, due to unusual wear or service conditions, the following procedure 
should be followed: 
 

DISASSEMBLY PROCEDURE 
BODY 

The Millcentric is a top entry valve; therefore, the body can remain in line during this operation.  
Remove the bolts holding the actuator bracket to the valve cap.  You can then remove the actuator from 
the valve.  With the valve de-pressurized, remove the hexagonal head cap screws that hold the bonnet to 
the valve body.  Remove the bonnet, leaving the plug in the body.  At this point the plug, PTFE thrust 
washers, journal bearings, and bonnet “O” ring are accessible and can be removed and replaced.  
 
Care should be taken not to damage the plug elastomer or bonnet “O” rings upon reassembly.  
 
Reverse the above process for reassembling the Millcentric.  
 

STEM SEALS 
 

With the valve de-pressurized, using internal snap ring pliers, remove the snap ring and thrust washer.  
The “U” cup seals can now be pried out of the seal cavity.  To replace, reverse the above process.  
 



 
 
 

MAINTENANCE INSTRUCTIONS 
ACTUATED VALVES 

TO REPLACE “U” CUP SEALS 
 

The Millcentric is designed and manufactured to be a long life valve under normal operating conditions.  
It does not require any routine maintenance.  Cycling the valve from full open to full closed on an 
annual basis will increase the life of the valve and actuator components.  
 
However, if maintenance is required, due to unusual wear or service conditions, the following procedure 
should be followed: 
 
To replace “U” cup seals on actuated Millcentric valves, remove the actuator; remove the internal bolts 
fastening the actuator to the valve body.  Remove the actuator and set aside.  Remove the external snap 
ring and support collar.  
 
Remove the internal snap ring using snap ring pliers.  Remove thrust washer.  The “U” cup seals are 
now visible.  Using a screwdriver, pry out the old seals.  
 
Apply a small amount of silicone or grease to the new “U” cup seals.  This will help them slide in the 
packing cavity.  Put a piece of shim stock into the cavity and put the “U” cup over it.  Slide the “U” cup 
over the stem with shim stock against the stem.  This will let any trapped air out of the packing cavity.  
Now, using two screwdrivers, coax the outer lip of the “U” cup into the cavity while pressing down on 
the top of the “U” cup with the other screwdriver (see attachment).  Continue to do this all the way 
around until the “U” cup is at the bottom of the packing cavity.  
 
Repeat the procedure with the second “U” cup, and replace the thrust washer and snap ring.   Now you 
can remount the actuator on the valve. 
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INSTALLATION 
 
When installing the valves, the seat end should be noted. The seat end of the valve is cast in raised 
letters on the appropriate flange of the valve. Generally, straightway valves should be installed with the 
highest pressure applied from the opposite end from the seat. This will tend to push the plug into the 
seat. 
 
In cases where shut-off is required in both directions, the valve should be installed so that the highest 
differential pressure at shut-off is opposite the seat end. 
 
When the service is of a clogging type likely to build up in the valve body, it is recommended that the 
valve be installed with the media entering the seat end first. In extreme cases, the valve should be 
installed with the plug horizontal and rotating upward into the top portion of the valve body cavity to 
open. 

                
 
Flanged end valves have ANSI B16.1 flat faced 125/150 flanges. Standard ANSI B16.21 flanges and 
gaskets should be used to install the valves in the pipeline. Certain size valves utilize tapped holes at 
valve trunnions where a backing nut is not possible. Please check specific drawings for detailed 
information on sizes and quantities of  hexagon head screws required on these valves. 
 
 
Prior to installing valve, especially ones that are buried, they should be cycled open and closed several 
times to ensure they are in good working order and have not been damaged during shipment or storage. 



 

OPERATIONS  & MAINTENANCE 
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     FUNCTION 
 
The Millcentric valve is a non-lubricated eccentric plug valve designed for use in water and waste water 
applications, and HVAC systems. 
 
 
       TEMPERATURE LIMITS 
The operating temperature is controlled by the elastomer specified and are as follows: 
 
Elastomer   High Temp  Low Temp 
Buna N               225  F  -20  F 
EPDM                                      250  F                     -35  F 
Neoprene                225  F                      -20  F 
Viton                                       400  F                      -10  F 
 
    PRESSURE LIMITS 
The operating pressure differs with the valve size range and configuration, and are as follows: 
 
 
   FIGURE 600/601 -  ANSI Class 125 
 
Size Range  Rated Pressure*  Shell Hydro  Seat Test 
 
1/2"- 12"       175 psi     350 psi   210 psi 
14"- 36"       150 psi     300 psi   180 psi 
42"- 54"       125 psi     250 psi   150 psi 
 
 
* Pressure Ratings are given at ambient temperatures. 
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SPARE  PARTS LIST 
 
 
                                        NUMBER 
COMPONENT                          PER VALVE 
Journal Bearings          2 
 
PTFE Thrust  Washers         2 
 
“U” Cup Seals            2 
 
Elastomer Coated Plug         1 
 
Bonnet  “O” Ring Seal         1 
 
If required these parts can be ordered from: 
 
    Milliken Valve Company, Inc. 
    1995 Highland Avenue Suite 500 
    Bethlehem, PA 18020 
 
    Tel: (610) 861-8803 
    Fax : (610) 861-8094 
 
 
When ordering please furnish the size, figure number and component name: 
 
For example: 6" Figure 601N1AG- Journal Bearing 
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TROUBLE   SHOOTING 
              

Gear Operated Valves 
 
 
SYMPTOM    POSSIBLE CAUSE    ACTION 
 
Valve Will Not Open.  
    Bent Input Shaft   Replace Worm Shaft 
    Obstruction in Line   Remove Obstruction 
    Excessive Line Pressure  Reduce Pressure 
    Elastomer Damage   Replace Plug 
 
 
Valve Will Not Close.  
    Bent Input Shaft   Replace Worm Shaft 
    Obstruction in Line   Remove Obstruction 
    Excessive Line Pressure  Reduce Pressure 
    Elastomer Damage   Replace Plug 
 
 
Valve Will Not Shutoff Flow 
    Improper Stop Adjustment  Adjust Closed  Stop 
    Obstruction in Line   Remove Obstruction 
    Excessive Line Pressure  Reduce Pressure 
    Elastomer Damage   Replace Plug 
 
 
Valve Leaks at Plug Stem 
    Damaged "U" Cup Seal  Replace "U" Cups 
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TROUBLE   SHOOTING 
              
 

Wrench Operated Valves 
 
 
SYMPTOM    POSSIBLE CAUSE    ACTION 
 
Valve Will Not Open.  
    Broken or Misadjusted  Adjust or Replace 
       Torque Collar      Torque Collar 
    Obstruction in Line   Remove Obstruction 
    Excessive Line Pressure  Reduce Pressure 
    Elastomer Damage   Replace Plug 
 
 
Valve Will Not Close.   
    Broker or Misadjusted  Adjust or Replace 
       Torque Collar      Torque Collar 
    Obstruction in Line   Remove Obstruction 
    Excessive Line Pressure  Reduce Pressure 
    Elastomer Damage   Replace Plug 
 
 
 
Valve Will Not Shutoff Flow. 
    Improper Stop Adjustment  Adjust Closed Stop 
    Obstruction in Line   Remove Obstruction 
    Excessive Line Pressure  Reduce Pressure 
    Elastomer Damage   Replace Plug 
 
 
Valve Leaks at Plug Stem  
    Damaged "U" Cup Seal  Replace "U" Cups 
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STORAGE PROCEDURE 

 
 
 
 
Milliken valves are shipped with the plugs in the open position. Care should be taken to 
maintain this position while the valves are in storage prior to installation in the pipeline. 
 
Flanged valve end protectors (if supplied) should be kept on the valves until they are ready for 
installation. Special care should be given to mechanical joint valves to prevent damage to the internal 
pipe seating area. 
 
Valves should be stored where internal contamination due to sand and mud can be kept to a minimum. 
Care should be taken to avoid direct sunlight on the plug elastomer during storage. 
 
Electric, hydraulic and pneumatic valve actuators should be cared for in accordance with the storage 
instructions of the actuator manufacturer. 



 
OPERATION & MANTENANCE 

================================== 
 
 
 
 

LUBRICATION SCHEDULE 
 
 
 

The Millcentric is a low maintenance non-lubricated eccentric plug valve. As such there is no required lubrication 
of the valve itself. 
 
The manual worm gear operators where applicable are also sealed grease lubricated units and should not require 
any type of periodic lubrication. Should the unit need to have lubricant replaced it is recommended that Shell 
“Alvania” #2. 
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ProAir Air Conditioner Manufacturer’s Data (VFD) 
 



FEATURES

• Constructed of high-grade 16-gauge type 304 stainless steel for increased

protection in corrosive and outdoor applications.

• The Corrosive Environment and Outdoor Option Packages can be ordered

separately or together to provide optimum defense against especially harsh

conditions. The Corrosive Environment Package protects components exposed to

the corrosive environment on the ambient side of the air conditioner. The

Outdoor Package includes low temperature controls for operating down to -40°F.

• The ProAir™ Series combines state-of-the-art design with pleasing aesthetics. This

highly efficient series offers a broad range of sizes and performance capacities.

• For more sophisticated requirements we offer Levels II and III Smart Control. This

microprocessor-based option provides programmable temperature management,

digital display of enclosure temperature, as well as remote alarm capabilities.

• Maintenance is made easy by front cover hinging open for quick access to 

all components. 

• The Flip Filter design on the CR23 and CR29 uses only 50% of the filter surface so

filter can be inverted to double operating time between cleanings/replacements.

• EZ Mount flanges simplify installation to a two-step, one-person job.

• Filterless operation possible in many applications.

• Unique condensate management system evaporates moisture from enclosure and

eliminates drain tubes, buckets and wet floors.

• High performance fans and blowers are ideal for densely packed enclosures.

• 100% functionally tested.

• Mounting hardware, gaskets, drawings, mounting template and instruction

manual furnished.

• All units use a CFC-free or environmentally safe refrigerant that is 

universally accepted.

Most models available with UL and CUL listing. CE available upon request. 

Please contact the factory. (UL File SA6453) NEMA 12 per UL 50 Type 12 approval

on all models. NEMA 4X per UL 50 Type 4X optional.

OTHER UNITS TO CONSIDER

CR23 Stainless Steel: CR23, pg. 16; Genesis™ 17, pg. 20

CR29 Stainless Steel: CR29, pg. 16; Genesis™ 28, pg. 24

CR43 Stainless Steel: CR43, pg. 16

OPTIONS (SEE PGS. 80-81)

CR23 CR29 CR43

Smart Control Package ✔ ✔ ✔

Thermostat Package ✔ ✔ ✔

Thermostat/Malfunction Package ✔ ✔ ✔

Special Voltage Package ✔ ✔ ✔

Outdoor Package* ✔ ✔ ✔

Corrosive Environment Package* ✔ ✔ ✔

Heater Package ✔ ✔ ✔
NEMA 4X Package (see note on pg. 37) ✔ ✔ ✔

* Must be ordered separately to achieve desired protection.

OUTDOOR/CORROSIVE/STAINLESS STEEL 1600-8500 BTU/HR.
469-2490 WATTS

TM

CR43

CR29
CR23

The Ultimate Protection



CR43

TM

TM TM

Stainless Steel CR23
1600 BTU/Hr. (469 Watts) H x W x D: 23" (584) x 10" (254) x 8.75" (222)

Max Shipping

BTU/Hr @ Amps @ BTU/Hr @ Amps @ Amb Temp Weight

Model Voltage Hz Phase 131°F/131°F* 131°F/131°F 95°F/95°F* 95°F/95°F °F/°C Lbs/Kgs

CR23-0216-G0ST 115 50/60 1 1400/1600 4.1/4.5 1500/1700 3.8/3.6 131/55 57/26

CR23-0226-G0ST 230 50/60 1 1400/1600 2.2/2.2 1500/1700 2.1/1.8 131/55 57/26

-0ST will be replaced with a two-digit number designating all desired options. Consult the factory for specific model numbers.
* Two cooling capacities are listed to demonstrate the consistent performance throughout the typical operating range.

Stainless Steel CR29
2000-4000 BTU/Hr. (586-1172 Watts) H x W x D: 29.50" (749) x 15.75" (400) x 8.63" (219)

Max Shipping

BTU/Hr @ Amps @ BTU/Hr @ Amps @ Amb Temp Weight

Model Voltage Hz Phase 131°F/131°F* 131°F/131°F 95°F/95°F* 95°F/95°F °F/°C Lbs/Kgs

CR29-0216-G0ST 115 50/60 1 2000/2200 7.4/7.4 1700/2000 7.0/6.0 131/55 98/44

CR29-0226-G0ST 230 50/60 1 2500/2700 4.6/3.9 1900/2300 4.4/3.3 131/55 98/44

CR29-0416-G0ST 115 50/60 1 3500/4000 13.5/13.5 2400/2800 10.7/9.6 131/55 118/54

CR29-0426-G0ST 230 50/60 1 3500/4000 6.7/6.6 2400/2800 5.9/5.3 131/55 118/54

-0ST will be replaced with a two-digit number designating all desired options. Consult the factory for specific model numbers.
*Because air conditioners provide less cooling at lower operating temperatures, two cooling capacity ratings are listed for each ProAir™ air conditioner to
assist you in your selection.

Stainless Steel CR43
6000-8500 BTU/Hr. (1758-2490 Watts) H x W x D: 43.31" (1100) x 15.75" (400) x 10.25" (260)

Max Shipping

BTU/Hr @ Amps @ BTU/Hr @ Amps @ Amb Temp Weight

Model Voltage Hz Phase 131°F/131°F* 131°F/131°F 95°F/95°F* 95°F/95°F °F/°C Lbs/Kgs

CR43-0615-0ST 115 50/60 1 5800/6000 14.6/13.7 4800/5100 12.5/11.0 131/55 131/59

CR43-0616-0ST 115 60 1 6000 13.7 5100 11.0 131/55 131/59

CR43-0625-0ST 230 50 1 6000 6.8 5100 5.3 131/55 131/59

CR43-0626-0ST 230 60 1 6000 6.9 5100 5.5 131/55 131/59

CR43-0815-0ST 115 50/60 1 7500/8500 15.0/16.0 6700/7500 13.5/12.9 131/55 138/63

CR43-0816-0ST 115 60 1 8500 16.0 7500 12.9 131/55 138/63

CR43-0825-0ST 230 50 1 7500 8.0 7000 6.1 131/55 138/63

CR43-0826-0ST 230 60 1 8500 8.2 7500 6.3 131/55 138/63

-0ST will be replaced with a two-digit number designating all desired options. Consult the factory for specific model numbers.
*Because air conditioners provide less cooling at lower operating temperatures, two cooling capacity ratings are listed for each ProAir™ air conditioner to
assist you in your selection.

McLEAN MIDWEST CLOSED-LOOP COOLING

Within the air conditioner, the recirculated clean enclosure air is kept separate

from the ambient airflow system. This protects the electronic controls and

prevents shutdowns caused by heat, humidity, dust and other contaminants.
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NEMA 4X

The protective shields illustrated

here are required to achieve NEMA

4X. Shield protrudes approximately

2" from the air conditioner. Contact

factory for details.

CR23

CR29



CUT-OUT NOTES

1. Dash lines represent

air conditioner.

2. Cut-out dimensions

for standard product

only.

3. Full-size mounting

template provided.
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CUT-OUT NOTES

1. Dash lines represent

air conditioner.

2. Cut-out dimensions

for standard product

only.

3. Full-size mounting

template provided.

CUT-OUT NOTES

1. Dash lines represent

air conditioner.

2. Cut-out dimensions

for standard product

only.

3. Full-size mounting

template provided.

SIDE MOUNT TO ENCLOSURE

For NEMA type 12 enclosure, interfacing air-out and

air-in openings are required in the enclosure wall.

SIDE MOUNT TO ENCLOSURE

For NEMA type 12 enclosure, interfacing air-out and

air-in openings are required in the enclosure wall.

SIDE MOUNT TO ENCLOSURE

For NEMA type 12 enclosure, interfacing air-out and

air-in openings are required in the enclosure wall.

T
M

St
ai

n
le

ss
 S

te
el

 C
R

2
9

T
M

St
ai

n
le

ss
 S

te
el

 C
R

4
3

T
M



DESIGN NOTES

1. Gasket kit for

mounting to enclosure

included.

▲▲2.  Service cord

terminated with

appropriate plug cap.

▲▲4.  Dashed lines

indicate optional shroud

used, along with other

special construction

features, for NEMA 4X.

Please contact factory

for details.

DESIGN NOTES

1. Gasket kit for

mounting to enclosure

included.

▲▲2.  Service cord

terminated with

appropriate plug cap.

▲▲4.  Dashed lines

indicate optional shroud

used, along with other

special construction

features, for NEMA 4X.

Please contact factory

for details.

DESIGN NOTES

1. Gasket kit for

mounting to enclosure

included.

▲▲2.  Service cord

terminated with

appropriate plug cap.

▲▲4.  Dashed lines

indicate optional shroud

used, along with other

special construction

features, for NEMA 4X.

Please contact factory

for details.
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WARNING: Fire and shock hazard. 

Raychem® heat-tracing systems must be installed cor-
rectly to ensure proper operation and to prevent shock
and fire. Read these important warnings and carefully
follow all the installation instructions.
• To minimize the danger of fire from sustained electrical

arcing if the heating cable is damaged or improperly
installed, and to comply with Tyco Thermal Controls
requirements, agency certifications, and the national
electrical codes, ground-fault equipment protection must
be used on each heating-cable branch circuit. Arcing
may not be stopped by conventional circuit breakers.

• Approvals and performance of the heat-tracing systems
are based on the use of Tyco Thermal Controls speci-
fied parts only. Do not substitute parts or use vinyl
electrical tape.

• Bus wires will short if they contact each other. Keep bus
wires separated.

• Components and cable ends must be kept dry before
and during installation.

• The black heating-cable core and fibers are
conductive and can short. They must be properly
insulated and kept dry.

• Damaged bus wires can overheat or short. Do not
break bus wire strands when preparing the cable for
connection.

• Damaged heating cable can cause electrical arcing or
fire. Do not use metal attachments such as pipe
straps or tie wire. Use only Raychem approved tapes
and cable ties to secure the cable to the pipe.

• Do not attempt to repair or energize damaged cable.
Remove damaged cable at once and replace with a
new length using the appropriate Raychem splice kit.
Replace damaged components.

• Re-use of the grommets, or use of the wrong grommet,
can cause leaks, cracked components, shock, or fire.
Be sure the type of grommet is correct for the heating
cable being installed. Use a new grommet whenever
the cable has been pulled out of the component.

• Use only fire-resistant insulation which is compatible
with the application and the maximum exposure
temperature of the system to be traced.

• To prevent fire or explosion in hazardous locations,
verify that the maximum sheath temperature of the
heating cable is below the auto-ignition temperature
of the gases in the area. For further information, see
the design documentation.

• Material Safety Data Sheets (MSDSs) are available from
the Tyco Thermal Controls Customer Service Center.



General Information

1.1 Use of the Manual
This installation and maintenance manual is for Raychem
Self-Regulating and Power-Limiting heat-tracing systems on
thermally insulated pipes and vessels only. This includes
Raychem BTV, QTVR, XTV, and VPL heating cables and the
appropriate Raychem components.

For information regarding other applications, design assis-
tance or technical support, contact your Tyco Thermal
Controls representative or Tyco Thermal Controls directly.

Tyco Thermal Controls
300 Constitution Drive
Menlo Park, CA  94025-1164
USA
Tel (800) 545-6258
Fax (800) 527-5703
Technical Support (650) 474-7709
info@tycothermal.com
www.tycothermal.com

Important: For the Tyco Thermal Controls warranty and
agency approvals to apply, the instructions that are included
in this manual and product packages must be followed. 

1.2 Safety Guidelines
The safety and reliability of any heat-tracing system
depends on proper design, installation and maintenance.
Incorrect handling, installation, or maintenance of any of
the system components can cause underheating or over-
heating of the pipe or damage to the heating-cable system
and may result in system failure, electric shock or fire.

1.3 Electrical Codes
Sections 427 (pipelines and vessels) and 500 (classified
locations) of the National Electrical Code (NEC), and Part 1
of the Canadian Electrical Code, Sections 18 (hazardous
locations) and 62 (Fixed Electric Space and Surface
Heating), govern the installation of electrical heat-tracing
systems. All heat-tracing-system installations must be in
compliance with these and any other applicable national or
local codes.

1

1



General Information

1.4 Warranty and Approvals
Raychem heating cables and components are approved for
use in hazardous and non-hazardous locations. Refer to
the specific product data sheets for details.

1.5 General Installation Notes
These notes are provided to assist the installer throughout
the installation process and should be reviewed before the
installation begins.

• Read all instruction sheets to familiarize yourself with
the products.

• Select the heating-cable type and rating in accordance
with the Industrial Product Selection and Design Guide
(Tyco Thermal Controls literature #H56550), or
TraceCalc® Pro software, or the website design 
software.

• Ensure all pipes, tanks, etc., have been released by the
client for tracing prior to installation of the heating
cables.

• Typically, heating cables are installed at the 4 and 8
o’clock positions on a pipe.

• All heat-traced pipes, tanks, vessels and equipment must
be thermally insulated.

• Do not install heating cables on equipment operating
above the heating cable’s maximum rated temperature.

• The minimum bending radius for VPL Power-Limiting
cables is 3/4 inch (19 mm). The minimum bending
radius for Self-Regulating cables is 1/2 inch (13 mm). 

• Never install heating cables over expansion joints with-
out leaving slack in the cable.

• Do not energize cable when it is coiled or on the reel.

• Never use tie wire or pipe straps to secure heating cables.

• The minimum installation temperature for heating cables
is –40°F (–40°C).

1

2

Heating Cable Selection

Check the design specification to make sure the proper
heating cable is installed on each pipe or vessel. Refer to
the Industrial Product Selection and Design Guide,
TraceCalc Pro or the Tyco Thermal Controls web site,
www.tycothermal.com, to select the proper heating cable
for your application.

2
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Heating Cable Installation

3.3 Installation

Paying out the cable

Pay out the heating cable, loosely stringing it along the pipe,
making sure that the cable is always next to the pipe when
crossing obstacles. If the cable is on the wrong side of an
obstacle such as a crossing pipe or I-beam, you will need to
reinstall it or cut and splice it. 

Pipe

Pipe

Multiple cables
from two reels

Multiple cables
from a single reel

Single cable

3
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Heating Cable Installation

3.1 Heating Cable Storage
• Store the heating cable in a clean, dry place.

Temperature range: –40°F (–40°C) to 140°F (60°C).

• Protect the heating cable from mechanical damage.

3.2 Pre-Installation Checks

Check materials received:

• Review the heating cable design and compare the list of
materials to the catalog numbers of heating cables and
components received to confirm that proper materials
are on site. The heating cable type and voltage is printed
on its jacket.

• Ensure that the heating cable voltage rating is suitable
for the service voltage available.

• Inspect the heating cable and components for in-transit 
damage. 

• Verify that there are no holes in the heating cable jackets
by conducting the insulation resistance test (refer to
Section 9) on each reel of cable.

Check piping to be traced:

• Make sure all mechanical pipe testing (i.e. hydrostatic
testing/purging) is complete and the system has been
cleared by the client for tracing.

• Walk the system and plan the routing of the heating
cable on the pipe.

• Inspect the piping for burrs, rough surfaces or sharp
edges. Remove if necessary.

• Verify that any surface coatings are dry to the touch.

3

4
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Heating Cable Installation

Attachment tapes

Use one of the following Raychem attachment tapes to
secure the heating cable on the the pipe: GT-66 or GS-54
fiberglass tape, or AT-180 aluminum tape.

GT-66 fiberglass tape

• General purpose tape for installation at 40°F
(5°C) and above.

• Use in applications below 266°F (130°C).

GS-54 fiberglass tape

• Special application tape for stainless steel pipes.

• For installations at –40°F (–40°C) and above.

• Use in applications below 356°F (180°C).

AT-180 aluminum tape

• Heat-transfer tape for plastic pipes, pump bodies,
and odd-shaped equipment.

• Install above 32°F (0°C).

• Use in applications below 300°F (150°C).

• Tape lengthwise over the heating cable as
required by the design.

WARNING: Do not use metal attachments such as
pipe straps or tie wire. Do not use vinyl-based electrical
or duct tape. Use only Raychem approved tapes.

AT-180 aluminum tape
over heating cable

GT-66 or GS 54 glass tape
across heating cable

3Heating Cable Installation

Heating cable paying out tips:

• Use a reel holder that pays out smoothly with little tension.
If heating cable snags, stop pulling.

• Keep the heating cable strung loosely but close to the
pipe being traced to avoid interference with supports
and equipment.

• Meter marks on the heating cable can be used to determine
heater length.

• Protect all heating cable ends from moisture,
contamination and mechanical damage.

When paying out the heating cable, AVOID:

• Sharp edges

• Excessive pulling force or jerking

• Kinking and crushing

• Walking on it, or running over it with equipment

WARNING: Fire and shock hazard. Do not install
damaged cable. Components and cable ends must be
kept dry before and during installation.

Positioning heating cables

If possible, position the heating cable on the lower section
of the pipe, at the 4 and 8 o'clock positions, as shown
below, to protect it from damage.

Two heating cablesOne heating cable

3
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Heating Cable Installation

Attaching the heating cable

Starting from the end opposite the reel, tape the heating
cable on the pipe at every foot, as shown in the figure
above. If aluminum tape is used, apply it over the entire
length of the heating cable after the cable has been
secured with glass tape. Work back to the reel. Leave
extra heating cable at the power connection, at all sides of
splices and tees and at the end seal to allow for future
servicing.

Allow a loop of extra cable for each heat sink, such as
pipe supports, valves, flanges, and instruments, as
detailed by the design. Refer to “Typical Installation
Examples” for attaching heating cable to heat sinks.

• Install heating cable components immediately after
attaching the heating cable. If immediate installation is
not possible, protect the heating cable ends from 
moisture.

3
Heating Cable Installation

Multiple cables and spiraling

There are two situations where multiple heating cable runs
may be required:

• Redundant heat-tracing runs are used in situations
where a backup is required. Each run should be
installed per the design specifications.

• Double or multiple heat-tracing runs are used when a
single heat-tracing run alone cannot compensate for
larger heat losses. Double heat-tracing runs should have
extra heating cable installed at heat sinks, as called out
in the design. It is recommended to supply the extra
heating cable at heat sinks alternately from both runs in
order to balance out both circuit lengths. 

3
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Heating Cable Installation

Spiral tracing

When the design calls for spiralling, begin by suspending
a loop at every 10-foot pipe section. To determine the loop
length, obtain a spiral factor from the design and multiply by
10. For example if the spiral factor of 1.3 is called for, leave a
13-foot loop of heating cable at every 10-foot section of
pipe. Attach the loop to the pipe at each interval using the
appropriate Raychem attachment tape.

Bending the cable 

When positioning the heating cable on the pipe, do not
bend tighter than 1/2" for Self-Regulating cables and 
3/4" for Power-Limiting cables. 

Power-Limiting 
minimum bend radius

3/4"

Self-Regulating 
minimum bend radius

1/2"

10 feet
Glass tape
(typical)

Apply glass
tape before
spiraling
heating cable
on pipe

Pull heating cable loop length

Wrap loops
in opposite
directions

Tape after spiraling
heating cable on 
pipe

Heating
cable

3 Heating Cable Installation

The heating cable does not bend easily in the flat plane. Do
not force such a bend, as the heating cable may be damaged.

Crossing the cable

Self-Regulating cables, BTV, QTVR, XTV, allow for multiple
overlapping of the heating cable.

Power-Limiting cable, VPL, allows for a single overlap of
the heating cable per zone.

For VPL heating cable only:

Cutting the cable

Cut the heating cable to length after it is attached to the
pipe. 

Heating cable can be cut to length without affecting the
heat output per foot.

3
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Heating Cable Installation

Typical installation examples

Wrap pipe fittings, equipment, and supports as shown in the
following examples to properly compensate for higher heat-
loss at heat sinks and to allow easy access for maintenance.
The exact amount of heating cable needed is determined in the
design.

Valve

Flange

Glass tape
(typical)

Heating cable Loop length is twice 
the diameter of the pipe.

Valve body

Multiple cross-overs allowed
for Self-Regulating cables 

Single cross-over only, allowed
for Power-Limiting cables

Note: Cable loop length varies
depending on heat loss.

Glass tape
Pipe

Heating cable

Pipe

Heating cable

Heating cable

3 Heating Cable Installation

Pipe support shoe

Elbow

Heating cable

Glass tape
(typical)

For pipe diameters of 2"
and larger, the heating
cable should be installed
on the outside (long)
radius of the elbow.

Heating cable secured to pipe

Glass tape

Heating cable loop

Support shoe Pipe

3



Heating Cable Installation

Pipe hanger

Heating cable

Heating cable

Glass tape Do not clamp heating 
cable with support

Pipe hanger

Pipe hanger
No additional heating 
cable is required for 
pipe hangers unless 

called for in the design 
specification, then use 
loop length specified.

3
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Heating Cable Installation

Pressure gauge

Split case centrifugal pump

Glass tape

Pump discharge

Pump body

Heating cable

Pump
suction

Use AT-180
tape

Motor

To power connection

Heating cable

Glass tape

Pipe

3
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Heating Cable Components

4.1 General Component Information
Raychem components must be used with Raychem Self-
Regulating and Power-Limiting heating cables. A complete
circuit requires a power connection and an end seal.
Splices and tees are used as needed.

Use the Industrial Product Selection and Design Guide or
TraceCalc Pro to select appropriate components.

Installation instructions are included with the component
kit. Steps for preparing the heating cable and connecting to
components must be followed. 

Raychem Self-Regulating and Power-Limiting heating
cables are parallel circuit design. Do not twist the conduc-
tors together as this will result in a short circuit.

Component Installation Tips
• Connection kits should be mounted on top of the pipe

when practical. Electrical conduit leading to power con-
nection kits should have low-point drains to keep con-
densation from accumulating in the conduit. All heating
cable connections must be mounted above grade level.

• Special adapters are available for mounting on small
pipes. Be sure to use these adapters if installing cables
on pipes of 1 inch O.D. or less.

• Be sure to leave a service loop at all components for future
maintenance, except when temperature-sensitive fluids are
involved or when the pipe is smaller than 1 inch.

• Locate junction boxes for easy access but not where
they may be exposed to mechanical abuse.

• Heating cables must be installed over, not under, pipe
straps used to secure components.

• For VPL, cut cable 12" (30 cm) from last active node
(indentation) to be sure an inactive zone is used to enter the
component. Refer to component installation instructions.

• All power connections, splices, tees, and end seals in a
Division 1 location must use the HAK-C-100 connection
kit and an HAK-JB3-100 or a Division 1 Nationally
Recognized Testing Lab (NRTL) approved junction box.

WARNING: The black heating-cable core and fibers
are electrically conductive and can short. They must be
properly insulated and kept dry.

Damaged bus wires can overheat or short. Do not break
bus wire strands when stripping the heating cable

4 Heating Cable Components

Raychem components for Nonhazardous and CID2, CIZ1,
& CIZ2 Hazardous Locations.

Raychem Components for CID1 Hazardous Locations.

WARNING: Fire and shock hazard. Raychem brand
specified components must be used. Do not substitute
parts or use vinyl electrical tape. 

HAK-C-100
connection kit

HAK-JB3-100
junction box

UMB

Junction box, connection 
kit and mounting bracket  
sold separately

Splice

End seal

Tee

Power connection

E-150PKMG-LT

S-150JS-100-A

JBM-100-A

T-100

T-100

JBS-100-A

E-100

E-100-L

Power Connection Splice Tee End Seal

PMKG-LS

PMKG-LE

4
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Control and Monitoring

Tyco Thermal Controls DigiTrace® control and monitoring
products are designed for use with Self-Regulating and
Power-Limiting heat-tracing systems. Thermostats, con-
trollers and control and monitoring systems are available.
Compare features of these products in the table below. For
additional information on each product, refer to the
Industrial Product Selection and Design Guide or contact
your Tyco Thermal Controls representative.

Refer to the installation instructions supplied with control and
monitoring products. Control and Monitoring systems may
require installation by a certified electrician.

Tyco Thermal Controls Control and Monitoring Products

5 Thermal Insulation

6.1 Pre-Insulation Checks
Visually inspect the heating cable and components for
correct installation and damage. Damaged cable must be
replaced.

Perform insulation resistance testing known as a Megger™
test, (refer to Section 9) prior to covering the pipe with
thermal insulation.

6.2 Insulation Installation Hints
• Insulation must be properly installed and kept dry.

• Check insulation type and thickness against the design
specification.

• To minimize potential heating cable damage, insulate as
soon as possible after tracing.

• Check that pipe fittings, wall penetrations and other
irregular areas, have been completely insulated.

• When installing cladding, be sure drills, screws and
sharp edges do not damage the heating cable.

• To weatherproof the insulation, seal around all fixtures
that extend through the cladding. Check around valve
stems, support brackets, and thermostat capillaries.

6.3 Marking
Apply "Electric Traced" labels on outside of the cladding at 
10-foot intervals on alternate sides to indicate presence of
electric cables.

Other labels, which identify the location of splices, tees and
end connections installed beneath the thermal insulation, are
supplied with those components and must also be used.

6.4 Post-Insulation Testing
After the insulation is complete, perform an insulation
resistance test on each circuit to confirm that the cable has
not been damaged (refer to Section 9).

WARNING: Use only fire-resistant insulation, such
as fiberglass, mineral wool or calcium silicate.
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Control
Ambient-sensing ■ ● ● ● ●

Line-sensing ■ ● ● ● ●

PASC ● ● ● ●

Monitoring
Ambient temperature ● ● ● ●

Pipe temperature ● ● ● ●

Ground fault ● ● ● ●

Continuity ●

Current ● ● ● ●

Location
Local ■ ■ ● ● ●

Remote ● ● ● ●

Hazardous AMC-1H E507S ● ● ●

Communication
Local display ● ● ● ●

Remote display ● ● ● ●

Network to DCS ● ● ● ●

*DigiTrace controllers used in CID1 areas require the use of appropriate hazardous 
area enclosures or Z-purge systems.

DigiTrace Series*

910 920 200N T2000

AMC-F5
AMC-1B

AMC-2B-2
E507S-LS

E507S-2LS-2
Raystat-EX03-A

AMC-F5
AMC-1A
AMC-1H

ControllersThermostats



Power Supply and
Electrical Protection

7.1 Voltage Rating
Verify that the source voltage corresponds to the heating-
cable rating printed on the cable jacket and specified by the
design. 

7.2 Electrical Loading
Overcurrent devices are selected according to the heating-
cable type, source voltage, and circuit length to allow 
start-up at the designed ambient temperatures. The design
specifies the size and type of overcurrent device.

7.3 Ground-Fault Protection
If the heating cable is improperly installed, or physically
damaged to the point that water contacts the bus wires,
sustained arcing or fire could result. If arcing does occur, the
fault current may be too low to trip conventional circuit
breakers.

Tyco Thermal Controls, the U.S. National Electrical Code,
and the Canadian Electrical Code require both ground-fault
protection of equipment and a grounded metallic covering on
all heating cables. All Raychem products meet the metallic
covering requirement. Following are some of the ground fault
breakers that satisfy this equipment protection requirement:
Square D Type GFPD EHB-EPD (277 Vac); Cutler Hammer
(Westinghouse) Type QBGFEP.

WARNING: To minimize the danger of fire from
sustained electrical arcing if the heating cable is dam-
aged or improperly installed, and to comply with Tyco
Thermal Controls requirements, agency certifications,
and national electrical codes, ground-fault equipment
protection must be used on each heating-cable branch
circuit. Arcing may not be stopped by conventional
circuit breakers.

WARNING: Disconnect all power before making
connections to the heating cable.

7
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Commissioning and Preventative
Maintenance

Tyco Thermal Controls requires a series of tests be per-
formed on the heat-tracing system upon commissioning.
These tests are also recommended at regular intervals for
preventive maintenance. Results must be recorded and
maintained for the life of the system, utilizing the
“Installation and Inspection Record” (refer to Section 11).

8.1 Tests
A brief description of each test is found below. Detailed
test procedures are found in Section 9.

Visual inspection

Visually inspect the pipe, insulation, and connections to the
heating cable for physical damage. Check that no moisture
is present, electrical connections are tight and grounded,
insulation is dry and sealed, and control and monitoring
systems are operational and properly set. Damaged
heating cable must be replaced.

Insulation Resistance

Insulation Resistance (IR) testing is used to verify the
integrity of the heating-cable inner and outer jackets. IR
testing is analogous to pressure testing a pipe and detects
if a hole exists in the jacket. IR testing can also be used to
isolate the damage to a single run of heating cable. Fault
location can be used to further locate damage.

Power check

The heating-cable power per foot (meter) is calculated by
dividing the total wattage by the total length of a circuit.
The current, voltage, operation temperature and length
must be known. Circuit length can be determined from “as
built” drawings, meter marks on cable or the capacitance
test.

Power (w/ft or m) = Volts (Vac) x Current (Amps)

Length (ft or m)

The watts per foot (meter) can be compared to the heaing-
cable output indicated on the product data sheet at the
temperature of operation. This gives a good indication of
heating-cable performance.

Ground-fault test 

Test all ground-fault breakers per manufacturer's instructions.

8
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Commissioning and Preventative
Maintenance

8.2 Preventative Maintenance
Recommended maintenance for Tyco Thermal Controls
heat-tracing systems consists of performing the
commissioning tests on a regular basis. Procedures 
for these tests are described in Section 9. Systems should
be checked before each winter.

If the heat-tracing system fails any of the tests, refer to
Section 10 for trouble shooting assistance. Make the nec-
essary repairs and replace any damaged cable immediately.

De-energize all circuits that may be affected by maintenance.

Protect the heating cable from mechanical or thermal
damage during maintenance work.

The recommended cable installation methods allow for
extra cable at all pipe fixtures (such as valves, pumps, and
pressure gauges) that are likely to incur maintenance work.

Maintenance records

The “Installation and Inspection Record,” (refer to Section
11), should be filled out during all maintenance and repair
work, and kept for future reference.

Repairs

Use only Raychem cable, and components when replacing
any damaged heating cable. Replace the thermal insulation to
original condition or replace with new insulation, if damaged.

Retest the system after repairs.

WARNING: Damage to cables or components can
cause sustained electrical arcing or fire. Do not attempt
to repair damaged heating cable. Do not energize cables
that have been damaged by fire. Replace damaged cable
at once by removing the entire damaged section and
splicing in a new length using the appropriate Raychem
splice kits. Do not reuse grommets. Use new grommets
whenever the heating cable has been pulled out of the
components.

8
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Test Procedures

9.1 Visual Inspection
• Check inside heating cable components for proper 

installation, overheating, corrosion, moisture, and loose
connections.

• Check the electrical connections to ensure that ground
and bus wires are insulated over their full length.

• Check for damaged or wet thermal insulation; damaged,
missing or cracked lagging and weather-proofing.

• Check that end seals, splices, and tees are properly
labeled on insulation cladding.

• Check Control and Monitoring system for moisture, corro-
sion, set point, switch operation and capillary damage.

9.2 Insulation Resistance (Megger™) Test 

Frequency

Insulation resistance testing is recommended at five stages
during the installation process and as part of regularly
scheduled maintenance.

• Before installing the cable

• Before installing components

• Before installing the thermal insulation

• After installing the thermal insulation

• Prior to initial start-up (commissioning)

• As part of the regular system inspection

• After any maintenance or repair work

Procedure

Insulation resistance testing (using a megohmmeter)
should be conducted at three voltages; 500, 1000, and
2500 Vdc. Significant problems may not be detected if
testing is done only at 500 and 1000 volts.

First measure the resistance between the heating cable bus
wires and the braid (Test A) then measure the insulation
resistance between the braid and the metal pipe (Test B).
Do not allow test leads to touch junction box, which can
cause inaccurate readings.

9
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Test Procedures

• All insulation resistance values should be greater than
1000 megohms. If the reading is lower, consult Section
10, Troubleshooting Guide.

Note:   Insulation resistance values for Test A and B; for
any particular circuit, should not vary more than 25 per-
cent as a function of measuring voltage. Greater variances
may indicate a problem with your heat-tracing system,
confirm proper installation and/or contact Tyco Thermal
Controls for assistance.

Test B

Test A

9
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Test Procedures

1. De-e nergize the circuit.

2. Disconnect the thermostat or controller if installed.

3. Disconnect bus wires from terminal block, if installed.

4. Set test voltage at 0 Vdc.

5. Connect the negative (–) lead to the heating-cable
metallic braid.

6. Connect the positive (+) lead to both heating-cable bus
wires simultaneously.

7. Turn on the megohmmeter and set the voltage to 500 Vdc;
apply the voltage for 1 minute. Meter needle should stop
moving. Rapid deflection indicates a short. Record the
insulation resistance value in the Inspection Record.

8. Repeat Steps 4-7 at 1000 and 2500 Vdc.

9. Turn off the megohmmeter.

10. If the megohmmeter does not self-discharge, discharge
phase connection to ground with a suitable grounding
rod. Disconnect the megohmmeter.

11. Repeat this test between braid and pipe.

12. Reconnect bus wires to terminal block.

13. Reconnect the thermostat.

Note:   System checkout and regular maintenance
procedures require that Megger™ testing be performed
from the distribution panel unless a control and monitor-
ing system is in use. If no control system is being used,
remove both power feed wires from the breaker and pro-
ceed as if testing heating-cable bus wires. If a control and
monitoring system is being used, remove the control
equipment from the circuit and conduct the test directly
from the heating cable. 

WARNING: Fire hazard in hazardous locations.
Megger™ test can produce sparks. Be sure there are no
flammable vapors in the area before performing this
test.

Insulation resistance criteria

A clean, dry, properly installed circuit should measure
thousands of megohms, regardless of the heating-cable
length or measuring voltage (0–2500 Vdc). The following
criteria are provided to assist in determining the accept-
ability of an installation where optimum conditions may
not apply.

9
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Test Procedures

9.3 Power Check
The power output of Self-Regulating and Power-Limiting
cable is temperature-sensitive and requires the following
special procedure to determine its value:

1. Power the heating cable and allow it to stabilize for 
10 minutes, then measure current and voltage at the
junction box. If a thermostat or controller is used, refer
to details below.

2. Check the pipe temperature under the thermal insula-
tion at several locations.

3. Calculate the power (watts/ft) of the heating cable by
multiplying the current by the input voltage and divid-
ing by the actual circuit length.

Power (w/ft or m) = Volts (Vac) x Current (Amps)

Length (ft or m)

Ambient-sensing controlled systems

If the actual ambient temperature is higher than the desired
thermostat setting, turn the thermostat setting up high
enough to turn on the system, or (with some models)
manually set the selector switch to the ON position.

• Turn on the main circuit breaker.

• Turn on the branch circuit breakers.

• After a minimum of ten minutes, measure the voltage,
amperage, ambient temperature, and pipe temperature
for each circuit and record the values in the “Installation
and Inspection Record” (refer to Section 11). This infor-
mation is needed for future maintenance and trou-
bleshooting.

• When the system is completely checked out, reset the
thermostat to the proper temperature.

Line-sensing controlled systems

Set the thermostat to the desired control temperature, or
to a setting high enough to turn the circuit on if the pipe
temperature is above the control temperature.

• Turn on the main circuit breaker.

• Turn on the branch circuit breakers.

• Allow the system to reach the control point. This may
take up to four hours for most circuits. Large, liquid-
filled pipes may take longer.

9
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Test Procedures

• Measure the voltage, amperage, and pipe temperature
for each circuit and record the values in the “Installation
and Inspection Record” (refer to Section 11). This infor-
mation is needed for future maintenance and trou-
bleshooting.

• When the system is completely checked out, reset the
thermostat to the proper temperature.

Control and monitoring systems

Refer to the installation instructions supplied with the
product for commissioning tests and records.

9.4 Fault Location Tests

Fault location

There are three methods used for finding a fault within a
section of heating cable: the ratio method, 1/R method and
the capacitance method. The capacitance method can also
be used to determine total heating-cable length.

Ratio test method

The ratio method uses resistance measurements taken at
each end of the heating cable to approximate the location
of a bus wire short. A shorted heating cable could result
in a tripped circuit breaker or a cold section of pipe. If
the resistance can be read on a standard ohm meter
this method can also be used to find a fault from a bus
wire to the ground braid. This type of short would trip a
GFPD and show a failed Megger™ reading.

Measure the bus-to-bus heating-cable resistance from
the front end (measurement A) and the back end
(measurement B) of the suspected section.

A B

9
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Test Procedures

1/R method

The I/R method uses the core resistance of the heating
cable to approximate the location of a fault when the
heating cable has been severed and the bus wires have
not been shorted together. A severed cable may result in
a cold section of pipe and many not trip the circuit
breaker. 

Measure the bus-to-bus heating cable resistance from
the front end (measurement A) and the back end (meas-
urement B) of the suspect section. Since self-regulating
cables are a parallel resistance, the ratio calculations
must be made using the conductance (1/R) of the cable 

The approximate location of the fault, expressed as a per-
centage of the heating cable length from the front end, is:

Fault location: D = 1/ A x 100
(1/A + 1/B)

Example: A = 100 ohms
B = 25 ohms

Fault location: D = (1/100) / (1/100 + 1/25) x 100
= 20%

The fault is located 20% from the front end of the cicruit.

A B

9
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Test Procedures

The approximate location of the bus wire short,
expressed as a percentage of the heating-cable length
from the front end is:

Fault location: D = A x 100
(A + B)

Example: A = 1.2 ohms
B = 1.8 ohms

Fault location: D = 1.2 / (1.2 + 1.8) x 100
= 40%

The fault is located 40% into the circuit as measured
from the front end.

To locate a low resistance ground fault, measure
between bus and braid.

The approximate location of the fault, expressed as a
percentage of the heating-cable length from the front
end is:

Fault location: D = A x 100
(A + B)

Example: A = 1.2 ohms
B = 1.8 ohms

Fault location: D = 1.2 / (1.2 + 1.8) x 100
= 40%

The fault is located 40% into the circuit as measured
from the front end.

A B

Braid

9
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Test Procedures

Heating-cable capacitance factors

Cable Capacitance
Catalog No. Factor

3BTV1-CR 7.5

3BTV2-CT

3BTV1-CR

3BTV2-CT

5BTV1-CR 7.5

5BTV2-CT

5BTV1-CR

5BTV2-CT

8BTV1-CR 5.5

8TV2-CT

8BTV1-CR

8BTV2-CT

10BTV1-CR 5.5

10BTV2-CT

10BTV1-CR

10BTV2-CT

10QTVR1-CT 4.7

10QTVR2-CT

15QTVR2-CT

Cable Capacitance
Catalog No. Factor

15QTVR1-CT 3.3

20QTVR1-CT

20QTVR2-CT

5XTV1-CT-T3 10.8

5XTV2-CT-T3 11.1

10XTV1-CT-T3 10.3

10XTV2-CT-T3 10.7

15XTV1-CT-T3 9.7

15XTV2-CT-T3 9.9

20XTV1-CT-T2 9.3

20XTV2-CT-T2 10.1

5VPL1-CT 9.4

10VPL1-CT

15VPL1-CT

20VPL1-CT

5VPL2-CT

10VPL2-CT

15VPL2-CT

20VPL2-CT

9
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Test Procedures

Capacitance test method

This method uses capacitance measurement (nF) to
approximate the location of a fault where the heating
cable has been severed. It also gives an estimate of
total heating-cable length in a non-severed circuit. This
reading must be taken at the power connection and will
only work when the heating cable has passed IR testing.
This information is used to calculate the heating-cable
output per linear foot or to determine if the maximum
length has been exceeded.

Record the capacitance reading from one end of the
heating cable. The capacitance reading should be
measured between both bus wires twisted together
(positive lead) and the braid (negative lead).

Multiply the measured capacitance with the heating-
cable's capacitance factor as listed in the following
table.

Example:
20XTV2-CT
Recorded capacitance = 16.2 nF
Capacitance factor = 10.1 ft/nF
Fault location = 16.2 x 10.1 nF

= 164 ft (50 m) 
from reading location

As an alternative, capacitance values from both the
front and back end can be used. The ratio of one
capacitance value taken from one end (A) divided by
the sum of both A and B (A + B) and then multiplied by
100 yields the distance from the first end, expressed as
a percentage of the heating circuit length.

9
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Troubleshooting Guide

Symptom Probable Causes Corrective Action

Low or inconsistent
insulation resistance 

Reference tests: Insulation Resistance Test, Visual Inspection

Symptom Probable Causes Corrective Action

Circuit breaker trips

Reference tests: Insulation Resistance Test, Fault Location Test, Visual Inspection

Recheck the design for startup temperature and current loads. Do not
exceed the maximum circuit length for heating cable used. Check to see if
existing power wire sizing is compatible with circuit breaker. Replace the cir-
cuit breaker, if defective or improperly sized. Visually inspect the power con-
nections, splices, and end seals for proper installation; correct as necessary. 

Check for visual indications of damage around the valves, pump, and
any area where there may have been maintenance work. Look for
crushed or damaged insulation lagging along the pipe. Replace damaged
sections of heating cable.

Check the end seal to ensure that bus wires are properly terminated
per installation instructions. If a dead short is found, the heating cable
may have been permanently damaged by excessive current and may
need to be replaced. 

Replace the heating cable, as necessary. Dry out and reseal the connec-
tions and splices. Using a megohmmeter, retest insulation resistance.

Replace undersized GFPD with 30mA GFPD. Check the GFPD wiring
instructions.

Circuit breaker is undersized.

Start-up at too low a temperature.

Connections and/or splices are shorting out.

Physical damage to heating cable is causing a
direct short.

Bus wires are connected at the end.

Nick or cut exists in heating cable or power
feed wire with moisture present or moisture
in connections.

GFPD is undersized (5mA used instead of
30mA) or miswired.

Check power, splice, tee, and end connections for cuts, improper
stripping distances, and signs of moisture. If heating cable is not yet
insulated, visually inspect the entire length for damage, especially at
elbows and flanges and around valves. If the system is insulated, dis-
connect heating cable section between power kits, splices, etc., and
test again to isolate damaged section. 

Replace damaged heating-cable sections and restrip any improper or
damaged connections. 

If moisture is present, dry out the connections and retest. Be sure all
conduit entries are sealed, and that condensate in conduit cannot enter
power connection boxes. If heating-cable core or bus wires are
exposed to large quantities of water, replace the heating cable. (Drying
the heating cable is not sufficient, as the power output of the heating
cable can be significantly reduced.)

Clear the test leads from junction box and restart.

Retest at ambient, if necessary.

Nicks or cuts in the heating cable.

Short between the braid and heating-cable 
core or the braid and pipe.

Arcing due to damaged heating-cable
insulation.

Moisture present in the components.

Test leads touching the junction box.

High pipe temperature may cause low IR reading.

10
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Troubleshooting Guide

Symptom Probable Causes Corrective Action

Low pipe temperature

Reference tests: Power Check, Visual Inspection

Symptom Probable Causes Corrective Action

Low or no power output

Reference tests: Power Check, Fault Location, Visual Inspection

Replace damaged heating cable. Check the pipe temperature. Check
the power output of heating cable. 

The heating cable has been exposed to exces-
sive temperature, moisture or chemicals. 

Check the pipe temperature. Verify heater selection. Check the power
output of the heating cable per the design vs. actual. Reduce pipe tem-
perature if possible or contact your Tyco Thermal Controls
representative to confirm design.

Pipe is at an elevated temperature.

Rewire the thermostat in the normally closed position.Control thermostat is wired in normally open
position. 

Check for loose wiring connections and rewire if necessary.Improper component connection causing a
high-resistance connection.

Check the routing and length of heating cable (use “as built” drawings
to reference actual pipe layout). 
Connect all splices or tees. Locate and replace any damaged heating
cables. Then recheck the power output.

The circuit is shorter than the design shows,
due to splices or tees not being connected,
or the heating cable having been severed.

Repair the electrical supply lines and equipment.Low or no input voltage applied.

Reinstall the thermocouple on the pipe.Thermocouple is not in contact with pipe.

Contact your Tyco Thermal Controls representative to confirm the
design and modify as recommended.

Improper thermal design used.

Improper voltage applied.

Reset the thermostat.Thermostat was set incorrectly.

Splice in additional heating cable but do not exceed maximum circuit
length.

Insufficient heating cable was used on
valves, supports, and other heat sinks.

Remove wet insulation and replace with dry insulation, and secure it
with proper weatherproofing.

Insulation is wet, or missing.

10
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Installation and Inspection Records

Tyco Thermal Controls Industrial Heat-Tracing  

Installation and Inspection Record

Facility:

Circuit number:

Heating-cable type:

Circuit length:
Commission

Inspection date:

Visual Inspection

Visual inspection inside connection boxes for signs
of overheating, corrosion, moisture, loose connections
and other problems.

Proper electrical connection, ground, and bus wires 
insulated over full length.

Damaged or wet thermal insulation; damaged, missing,
cracked lagging or weather-proofing; gaps in caulking.

Covered end seals, splices, and tees properly labeled on
insulation cladding.

Control and Monitoring system checked for moisture,
corrosion, set point, switch operation, capillary damage,
and protection.

Insulation resistance (Megger™) test Ohms Ohms Ohms Ohms Ohms

Test A 500 Vdc

(bus to braid) 1000 Vdc

2500 Vdc

Test B 500 Vdc

(braid to pipe) 1000 Vdc

2500 Vdc

Power check

Circuit voltage

Panel (Vac)

Circuit end* (Vac)

Circuit amps after 10 min. (Amps)

Pipe temperature (°F)

Power = Volts x amps/ft (watts/ft)
* Commissioning only

11
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FM Required Installation Record for Class I, 
Division 1, Hazardous Locations

To complete the FM approval process, this complete form must be returned to the
Tyco Thermal Controls Customer Service Center (fax number (800) 527-5703).

Company name ________________________________________________________ Purchase order no. ________________________________________________________

Circuit ID no. ________________________________________________________ Ref drawing(s) ________________________________________________________

Area

Autoignition temp. (AIT): ________________________________________________________ Group classification: ________________________________________________________

Heater circuit

Heater type: ________________________________________________________

Supply voltage: ________________________________________________________ Circuit length: ________________________________________________________

Maximum pipe temp: ________________________________________________________ Temp ID (T-rating): ________________________________________________________

Components

Power connection: ________________________________________________________ Splice: ________________________________________________________

Tee: ________________________________________________________ End seal: ________________________________________________________

Ground-fault equipment

Make and model: ________________________________________________________ Device trip level: ________________________________________________________

Installation Instructions

Correct components per manufacturer's specification: ____________________________________________________________________________________________________

Seal fittings opened and inspected (properly poured): ____________________________________________________________________________________________________

Ground-leakage device tested: ____________________________________________________________________________________________________

Insulation resistance testing

Use 2500 Vdc for Self-Regulating and Power-Limiting cables

Instrument used: ________________________________________________________ Calibration date: ________________________________________________________

As measured on the pipe before insulation installed* Test value Date Initials
Insulation resistance between conductor and braid (Test A) ________________________________ ________________________________ ________________________________

Insulation resistance between braid and pipe (Test B) ________________________________ ________________________________ ________________________________

As measured after insulation installed* Test value Date Initials
Insulation resistance between conductor and braid (Test A) ________________________________ ________________________________ ________________________________

Insulation resistance between braid and pipe (Test B) ________________________________ ________________________________ ________________________________

* minimum insulation resistance must be 1000MΩ

Circuit ready to commission

____________________________________________________________________________________________ _________________________________________________________________ ________________________________

Prepared by Company Date

____________________________________________________________________________________________ _________________________________________________________________ ________________________________

Approved by Company Date
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Worldwide Headquarters
Tyco Thermal Controls
300 Constitution Drive
Menlo Park, CA 94025-1164
USA
Tel (800) 545-6258
Fax (800) 527-5703
info@tycothermal.com
www.tycothermal.com

Canada
Tyco Thermal Controls
250 West St.
Trenton, Ontario
Canada  K8V 5S2
Tel (800) 545-6258
Fax (800) 527-5703

Important: All information, including illustrations, is believed to be reliable. 
Users, however, should independently evaluate the suitability of each product for
their particular application. Tyco Thermal Controls makes no warranties as to the
accuracy or completeness of the information, and disclaims any liability regarding
its use. Tyco Thermal Controls' only obligations are those in the Tyco Thermal
Controls Standard Terms and Conditions of Sale for this product, and in no case
will Tyco Thermal Controls or its distributors be liable for any incidental, indirect,
or consequential damages arising from the sale, resale, use, or misuse of the
product. Specifications are subject to change without notice. In addition, Tyco
Thermal Controls reserves the right to make changes—without notification to
Buyer—to processing or materials that do not affect compliance with any
applicable specification. 

Tyco, DigiTrace, Raychem and TraceCalc Pro are trademarks of 
Tyco Thermal Controls LLC or its affiliates.
Megger is a trademark of Megger Limited
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Rockwell Automation (Reliance Electric/Allen Bradley) 
SP600 AC Drive User Manual,  
Version 1.0, 6SB401 Series,  
460 VAC (20 HP to 100 HP),  

Instruction Manual D2-3501-1 
 



Instruction Manual

SP600 AC Drive
User Manual
Version 1.0

6SB401 Series

460 VAC
20 HP to 100 HP

D2-3501-1



©2002 Rockwell Automation. All rights reserved.

The information in this manual is subject to change without notice.

Throughout this manual, the following notes are used to alert you to safety 
considerations:

Important: Identifies information that is critical for successful application and 
understanding of the product.

The thick black bar shown on the outside margin of this page will be used 
throughout this instruction manual to signify new or revised text or figures.

!
ATTENTION: Identifies information about practices or 
circumstances that can lead to personal injury or death, 
property damage, or economic loss.

ControlNet is a trademark of ControlNet International Ltd.
DeviceNet is a trademark of Open DeviceNet Vendor Association.
SP600, VS Utilities, and Reliance are trademarks of Rockwell Automation.

!

ATTENTION: Only qualified personnel familiar with the 
construction and operation of this equipment and the hazards 
involved should install, adjust, operate, or service this 
equipment. Read and understand this document in its entirety 
before proceeding. Failure to observe this precaution could 
result in severe bodily injury or loss of life.
ATTENTION: DC bus capacitors retain hazardous voltages 
after input power has been removed. After disconnecting input 
power, wait five minutes for the DC bus capacitors to discharge 
and then check the voltage with a voltmeter to ensure the DC 
bus capacitors are discharged before touching any internal 
components. Failure to observe this precaution could result in 
severe bodily injury or loss of life.

ATTENTION: The drive can operate at and maintain zero 
speed. The user is responsible for assuring safe conditions for 
operating personnel by providing suitable guards, audible or 
visual alarms, or other devices to indicate that the drive is 
operating, or may operate, at or near zero speed. Failure to 
observe this precaution could result in severe bodily injury or 
loss or life.
ATTENTION: The drive contains ESD- (Electrostatic 
Discharge) sensitive parts and assemblies. Static control 
precautions are required when installing, testing, servicing, or 
repairing the drive. Erratic machine operation and damage to, 
or destruction of, equipment can result if this procedure is not 
followed. Failure to observe this precaution can result in bodily 
injury.

ATTENTION: The user must provide an external, hardwired 
emergency stop circuit outside of the drive circuitry. This 
circuitry must disable the system in case of improper 
operation. Uncontrolled machine operation may result if this 
procedure is not followed. Failure to observe this precaution 
could result in bodily injury.
ATTENTION: The user is responsible for conforming with all 
applicable local and national codes. Failure to observe this 
precaution could result in damage to, or destruction of, the 
equipment.
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CHAPTER 1
Introduction

This manual is intended for qualified electrical personnel familiar 
with installing, programming, and maintaining AC drives.

This manual contains information on:

• Installing and wiring the SP600 drive

• Programming the drive

• Troubleshooting the drive

The latest version of this manual is available from
http://www.theautomationbookstore.com or 
http://www.reliance.com/docs_onl/online_stdrv.htm.

1.1 Getting Assistance from Reliance 
Electric

If you have any questions or problems with the products described 
in this instruction manual, contact your local Reliance Electric sales 
office.

For technical assistance, call 1-800-726-8112. Before calling, 
please review the troubleshooting section of this manual and check 
the standard drives website for additional information. When you 
call this number, you will be asked for the drive model number and 
this instruction manual number. Also, please have your product 
version number ready (refer to chapter 12).
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CHAPTER 2
About the Drive

The SP600 AC drive is a pulse-width-modulated (PWM) drive that 
provides general purpose (sensorless vector or volts/hertz) 
regulation for a broad range of applications requiring adjustable 
speed control of motors.

This chapter provides information about the SP600 AC drive, 
including:

• Information on identifying the drive

• Descriptions of NEMA ratings

• Features

• A description of drive conections and communication options

2.1 Identifying the Drive by Model 
Number

Each SP600 AC drive can be identified by its model number, as 
shown in figure 2.1. The model number is on the shipping label and 
the drive nameplate. The model number includes the drive and any 
factory-installed options. Model numbers and drive power ratings 
are provided in table 2.1.

Figure 2.1 – Identifying the Drive by Model Number

A =  24  VD C  I/O  C a rd
B  =  120 VAC  I/O  C ard

Com m unication Card*
  C  =  C ontro lN e t
  D  =  D eviceN et
  N  =  N one

A  =  EM C  F ilte r
N  =  N ot R ated

Bus Regulation
T  =  T ransistor
N  =  N one

6S B  4 01 - 027 C  T  A  N  A

6SB = SP600 Bookshelf

4 = 380-480 V

01 = NEMA 1 / IP20

@ 480 VAC
027  =  27 .0  A , 20 .0  H P /15 .0  kW
034  =  34 .0  A , 25 .0  H P /20 .0  kW
040  =  40 .0  A , 30 .0  H P /22 .0  kW
052  =  52 .0  A , 40 .0  H P /30 .0  kW
065  =  65 .0  A , 50 .0  H P /37 .0  kW
096  =  96 .0  A , 75 .0  H P /67 .0  kW
125  =  125.0  A , 100 .0  H P /87.0  kW

B =  B lank O IM
C  =  LC D  O IM

* C om m un ication cards a re  in itia lly
  ava ilab le  on ly as op tion  k its .
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2.2 Power and NEMA Enclosure Ratings

Each of the SP600 AC drives has one of these NEMA ratings:

•  NEMA 1: Vented. Intended for general-purpose indoor 
applications. 

 Table 2.1 is a listing of the drives and their NEMA ratings.

Refer to Appendix A for drive technical specifications.
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2.3 Overview of SP600 Features  

This section provides an overview of the features in the SP600 AC 
drive.

2.3.1 Analog Inputs 

There are two general-purpose analog inputs that can be 
configured either as voltage (±10 VDC or current (4-20 mA) inputs. 
These inputs are configured via parameters to provide some 
flexibility. 

The analog inputs provide input signals that can be used for the 
following purposes:

• Provide a value to Speed Ref A (91) 

• Provide a trim signal to Speed Ref A 

• Provide a reference when the terminal block has assumed 
manual control of the reference (TB Man Ref Sel (96))

• Provide the reference and feedback for the process PI loop (PI 
Ref Sel (126) and PI Feedback Sel (128)) 

• Provide an external value for the current limit and DC braking 
level (Current Limit Sel (147) and DC Bake Lvl Sel (157))

• Enter and exit sleep mode (178 to 183)) 

2.3.2 Analog Output 

The drive has one analog output that can be used as a voltage or 
current (4-20 mA) signal to annunciate a wide variety of drive 
operating conditions and values. Select the source for the analog 
output by setting Analog Out1 Sel (342). The analog output can be 
configured as a ±10 VDC or 4-20 mA output signal.

2.3.3 Auto/Manual Selection

The Manual mode selection allows you to override the selected 
reference (referred to as the "auto" reference) by either toggling a 
button on the programming terminal (OIM), or asserting a digital 
input (Digital Inx Sel (361 to 366) that is configured for Auto/Manual. 
This provides a source for local speed reference control, even if a 
process input signal is the primary speed reference source.
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2.3.4 Auto Restart (Reset/Run)

The Auto Restart feature (see parameters 174 and 185) provides 
the ability for the drive to automatically perform a fault reset 
followed by a start attempt without user or application intervention. 
This allows for automatic restart in applications where the drive is 
used in remote or "unattended" operation. 

Only certain faults are allowed to be auto reset. Faults that indicate 
possible drive malfunction are not resettable. Caution should be 
used when enabling this feature, since the drive will attempt to issue 
its own start command based on user-selected programming.

2.3.5 Autotune

The Autotune feature ( see parameter 61) identifies the motor flux 
current and stator resistance for use in Sensorless Vector Control 
and Economizer modes (see parameter 53). The result of the flux 
current test procedure is stored in the Flux Current parameter and 
the product of Flux Current Ref (63) and stator resistance is stored 
in IR Voltage Drop (62).

There are three options for autotuning:

• Static - the motor shaft will not rotate during this test.

• Dynamic - the motor shaft will rotate during this test.

• Calculate - tuning data is selected based on the motor nameplate 
data entered.

The static test determines only stator resistance, while the dynamic 
Autotune procedure determines both the stator resistance and 
motor flux current.

IR Voltage Drop is used by the IR Compensation procedure to 
provide additional voltage at all frequencies to offset the voltage 
drop developed across the stator resistance. An accurate 
calculation of the IR Voltage Drop will ensure higher starting torque 
and better performance at low speed operation.

If it is not possible or desirable to run the Autotune tests, there are 
two other methods for the drive to determine the IR Voltage Drop 
and Flux Current parameters. One method retrieves the default 
parameters stored in the power EEPROM, and the other method 
calculates them from the user-entered motor nameplate data 
parameters.

If the stator resistance and flux current of the motor are known, you 
can calculate the voltage drop across the stator resistance and 
directly enter these values into the Flux Current and IR Voltage 
Drop parameters.
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You must enter the following motor nameplate data into the 
following parameters for the Autotune procedure to obtain accurate 
results:

• Motor NP Volts (41)

• Motor NP Hertz (48)

• Motor NP Power (45)

When the drive is initially powered up, the Autotune (61) parameter 
is defaulted to Calculate. With this setting, any changes made by 
the user to Motor Nameplate Power, Motor NP Volts, or Motor NP 
Hertz activates a new calculation, which will update the IR Voltage 
Drop (62) and Flux Current (5) parameters. This calculation is 
based on a typical motor with those nameplate values. The 
Autotune parameter will not be reset to zero after this calculation is 
performed; calculations will continue to be performed every time 
motor nameplate values are changed.

2.3.6 Motor Cable Lengths 

The length of cable between the drive and motor may be limited for 
various application reasons. The primary areas of concern are :

• Reflected wave 

• Cable charging

The reflected wave phenomenon, also known as transmission line 
effect, produces very high peak voltages on the motor due to 
voltage reflection. While Reliance Electric drives have patented 
software that limits the voltage peak to 2 times the DC bus voltage 
and reduce the number of occurrences, many motors have 
inadequate insulation systems to tolerate these peaks.

Caution should be taken to understand the effects and restrictions 
when applying the drive to extended motor lead length applications. 
Proper cable type, motor and drive selection is required to minimize 
the potential risks.

2.3.7 Drive Protection Current Limit 

There are six ways that the drive protects itself from overcurrent or 
overload situations: 

• Instantaneous overcurrent trip

• Software Instantaneous trip

• Software current limit

• Heatsink temperature protection
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• Overload protection IT(see Drive Overload Protection, section 
2.3.9)

• Thermal manager 

2.3.8 Drive Overload Protection

The drive thermal overload will protect the drive power stage while 
maintaining performance as long the drive temperature and current 
ratings are not exceeded.

The drive will monitor the temperature of the power module based 
on a measured temperature and a thermal model of the IGBT. As 
the temperature rises, the drive may lower the PWM frequency to 
decrease the switching losses in the IGBT. If the temperature 
continues to rise, the drive may reduce current limit to try to 
decrease the load on the drive. If the drive temperature becomes 
critical, the drive will generate a fault. 

If the drive is operated in a low ambient condition, the drive may 
exceed rated levels of current before the monitored temperature 
becomes critical. To guard against this situation, the drive thermal 
overload also includes an inverse time algorithm. When this 
scheme detects operation beyond rated levels, current limit may be 
reduced or a fault may be generated.

2.3.9 Network Data Transfer via Datalinks 

A Datalink (see parameters 300 to 317) is one of the mechanisms 
used by SP600 drives to transfer data to and from a programmable 
controller via the optional network interface modules (DeviceNet or 
ControlNet). In the case of ControlNet, Datalinks allow a parameter 
value to be changed without using an Explicit Message or Block 
Transfer.

Each Datalinik (A, B, C or D) transfers two 16-bit values (A1, A2). If 
a 32-bit value needs to be transferred, each of the the two 16-bit 
Datalinks must be set to the same parameter. One Datalink 
transfers the lower 16 bits; the other, the upper 16 bits. 

For example, to set up the drive to receive accel and decel times 
from the connected PLC you would make the the following  
parameter settings:

Data In A1 (300) = 140 (the parameter number of Accel Time 1)
Data In A2 (301) = 142 (the parameter number of Decel Time 1)
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2.3.10 Digital Outputs 

The SP600 drive provides two relay outputs for external 
annunciation of a variety of drive conditions (see parameters 380 
and 384). Each relay is a Form C (1 N.O. - 1 N.C. with shared 
common) device whose contacts and associated terminals are 
rated for a maximum of 250 VAC or 220 VDC. 

2.3.11 DPI Interface 

SP600 drives support Drive Peripheral Interface (DPI) 
communication protocols for the primary interface and drive control. 
The DPI interface is an enhanced serial communications protocol 
that provides high functionality and high performance. 

The DPI serial interface is the connection interface for all peripheral 
devices such as OIMs, PC interface tool ( VS Utilities), and network 
interface modules. 

2.3.12 Economizer Mode

Economize mode consists of operating the drive in sensorless 
vector control mode with an energy saving function (E-SVC). When 
the drive is in this mode and operating at steady state output 
frequency, the output voltage is automatically adjusted as the load 
is increased or decreased. This is done so that minimum current is 
supplied to the motor thereby optimizing its efficiency. By adjusting 
the output voltage, the flux producing current is reduced, but only if 
the total drive output current does not exceed 75% of motor rated 
current. In this mode the flux current is not allowed to be less than 
50% of the selected flux current parameter value.

2.3.13 Fan Curve 

When Torque Perf Mode (53) is set to Fan/Pump V/Hz  the 
relationship between frequency and voltage is a square function 
where the voltage is proportional to frequency. The fan curve 
provides the option to generate voltage that is a function of the 
stator frequency squared up to the motor nameplate frequency. 
Above base frequency, the voltage is a linear function of frequency. 
At low speed, the fan curve can be offset by the Run Boost (70) 
parameter to provide necessary starting torque. 
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2.3.14 Flying Start 

The flying start feature (see parameter 169) is used to start into a 
rotating motor as rapidly as possible and resume normal operation 
with a minimal impact on load or speed. This action will prevent an 
overcurrent trip and significantly reduce the time for the motor to 
reach its desired frequency. Since the motor is "picked up" smoothly 
at its rotating speed and ramped to the proper speed, little or no 
mechanical stress is present.

Normally, when a drive is started in its normal mode, it initially 
applies a frequency of 0 Hz and ramps to the desired frequency. If 
the drive is started into an already spinning motor in this manner, 
without Flying Start enabled, large currents will be generated and 
an overcurrent trip may result. 

In Flying Start mode, the drive's response to a start command will 
be to identify the motor's speed and apply a voltage that is 
synchronized in frequency, amplitude and phase to the counter emf 
of the spinning motor. The motor will then accelerate to the desired 
frequency.

2.3.15 MOP 

The Motor-Operated Pot (MOP) function is one of the sources for 
the frequency reference (see parameter 90). The MOP function 
uses digital inputs to increment or decrement the speed reference 
at a programmed rate.

The MOP has these components:

• MOP Rate parameter (195)

• Save MOP Ref parameter (194) 

• MOP Frequency parameter (11)

• MOP increment input (parameters 361 to 366)

• MOP decrement input (parameters 361 to 366)
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2.3.16 Motor Overload 

The motor thermal overload function uses an IT algorithm to model 
the temperature of the motor. This curve is modeled after a Class 10 
protection thermal overload relay that produces a theoretical trip at 
600% motor current in ten (10) seconds and continuously operates 
at full motor current. 

Motor NP FLA (42) is used to set the overload feature. This 
parameter, set in the start-up procedure, is adjustable from 0 - 
200% of drive rating and should be set for the actual motor FLA 
rating. 

Since the motor thermal overload cannot distinguish individual 
currents in a multimotor application, it is suggested that it be 
disabled in these cases. This can be done by setting the correct bit 
in Fault Config (238) to zero to disable the motor thermal overload. 

The operation of the overload is actually based on three 
parameters: 1) Motor NP FLA (42), 2) Motor OL Factor (48), and 3) 
Motor OL Hertz (47). The motor nameplate full load amps is then 
multiplied by the motor overload factor to allow you to re-define the 
continuous level of current allowed by the motor thermal overload. 

Motor Overload Hz is used to allow you to adjust the response of 
the motor thermal overload to lower motor speeds (lower output 
frequencies) where a higher degree of protection may be required 
due to decreased motor cooling.

2.3.17 Parameter Access Level

The SP600 drive allows the user to limit the number of parameters 
that are viewable on the LCD OIM. By limiting the parameter view to 
the most commonly adjusted set, additional features that may make 
the drive seem more complicated are hidden. 

If you are trying to gain access to a particular parameter and the 
OIM skips over it, you must change the parameter view from "Basic" 
to "Advanced." This can be accomplished by reprogramming Param 
Access Lvl (196) to "Advanced". See section 10.3.1 for instructions.

2.3.18 Preset Frequency 

There are seven preset frequency parameters (101 to 107) that are 
used to store a discrete frequency value. This value can be used for 
a speed reference or process PI Reference. When used as a speed 
reference, they are selected via the digital inputs or the DPI 
reference command. 
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2.3.19 Process PI Loop 

The internal process PI function (see parameters 124 to 138) 
provides closed-loop process control with proportional and integral 
control action. The PI function reads a process variable input to the 
drive and compares it to a desired setpoint stored in the drive. The 
algorithm will then adjust the output of the process PI regulator 
thereby changing drive output frequency to try to make the process 
variable equal the setpoint.

Proportional control (P) adjusts the output based on the size of the 
error (larger error = proportionally larger correction). If the error is 
doubled, then the output of the proportional control is doubled; and, 
conversely, if the error is cut in half, then the output of the 
proportional output will be cut in half. With proportional control only, 
there is always an error, so the feedback and the reference are 
never equal. 

Integral control (I) adjusts the output based on the duration of the 
error. The longer the error is present, the larger the correction 
output value will become. The integral control by itself is a ramped 
output correction and typically gives a smooth output correction and 
will continue to integrate until zero error is achieved. By itself, 
integral control is slower than many applications require and 
therefore is combined with proportional control (PI). It also 
contributes to overshoot of the correction value.

2.3.20 S Curve

The S Curve function (parameter 146) of SP600 drives allows 
control of the "jerk" component of acceleration and deceleration 
through user adjustment of the S Curve parameter (146). Jerk is 
defined as the rate of change of acceleration and or deceleration. 
By adjusting the percentage of S Curve applied to the normal accel/
decel ramps, the ramp takes the shape of an "S" allowing a 
smoother transition that produces less mechanical stress and 
smoother control for light loads.

2.3.21 Shear Pin Fault 

This feature allows you to select programming that will fault the 
drive if the drive output current exceeds the programmed current 
limit (see parameter 238). As a default, exceeding the set current 
limit is not a fault condition. However, if you want to stop the 
process in the event of excess current, the Shear Pin feature can be 
activated. By programming the drive current limit value and 
enabling the electronic shear pin, the drive will fault if excess 
current is demanded by the motor. 
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2.3.22 Skip Bands 

The skip band function (se parameters 84 to 87) provides three skip 
bands that the drive will ramp through but will not continuously run 
within. You can set the skip frequency (center frequency) for each 
band and the skip band centered on the skip frequency. The skip 
band applies to all three skip frequencies.This is used to avoid 
resonance operating frequency setpoints.

2.3.23 Speed Control

The purpose of speed regulation is to allow the drive to adjust to 
certain operating conditions, such as load change, and compensate 
for these changes in an attempt to maintain motor shaft speed 
within the specified regulation percentage.

The Speed Mode parameter (80) selects the speed regulation 
method for the drive, and can be set to one of 3 choices 

• Open Loop - No speed control is offered

• Slip Comp - Slip Compensation is active

• Process PI - The PI Loop sets the actual speed based on process 
variables

2.3.24 Stop Modes 

There are several stop methods that can be selected in the SP600 
drive.

1. Coast to Stop - When Stop Mode A (155) is set to Coast to 
Stop , the drive acknowledges the Stop command by shutting 
off the output transistors and releasing control of the motor. The 
load/motor will coast or free spin until the mechanical energy is 
dissipated.

2. Dynamic Braking - This method uses an internal or external DB 
braking resistor to dissipate stopping energy.

3. Brake to Stop - This method is selected by setting Stop Mode A 
(155) to DC Brake. You can also select the amount of time the 
braking will be applied and the magnitude of the current used 
for braking with DC Brake Time (159) and DC Brake Level 
(158). This method of braking will generate up to 40% of rated 
motor torque for braking and is typically used for low inertia 
loads. 

When Brake to Stop is selected, the drive acknowledges the 
Stop command by immediately stopping the output and then 
applying a programmable DC voltage (DC Brake Level (158)) 
to one phase of the motor. 
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This DC braking voltage is removed by the following events:

• Opening an Enable digital input

• Reissuing the Start command

• DC brake time expires

Caution must be used when setting DC Brake Level. Excess motor 
current could damage the motor. Caution must also be observed, 
since motor voltage will exist even while stopped.  

2.3.25 User Sets 

After a drive has been configured for a given application, you can 
store a copy of all of the parameter settings in a specific EEPROM 
area known as a user set. Up to three user sets can be stored in the 
drive’s memory to be used for backup, batch switching or other 
needs. All parameter information is stored. You can then recall this 
data to the active drive operating memory as needed. Each user set 
can also be identified with a programmable, user-selected name. 

There are two operations to manage the operation of user sets, 
Save To User Set and Restore From User Set. You select 1, 2, or 3 
as the area in which to store data. After data is successfully 
transferred, Save User Set returns to a value of 0. To copy a given 
area back into the active EEprom memory, the user selects Set 1, 2, 
or 3 for Restore User Set. After data is successfully transferred, 
Restore User Set returns to a value of 0. When shipped from the 
factory, all user sets have the same factory default values. 
Resetting the drive to defaults does not affect the contents of user 
sets.

See B.7.2 for more information.

2.3.26 Voltage Class

Important: The 6SB401 series of the SP600 AC driv is currently 
available only as a 400 volt class product. 

The voltage class (see parameter 202) identifies the general input 
voltage to the drive. This general voltage includes a range of actual 
operating voltages. A 400 volt class drive will have an acceptable 
input voltage range of 380 to 480 VAC. There are also the 200 volt 
class drives with a range of 200 to 240 volts operation.

While the hardware remains the same for each class, other 
variables, such as factory defaults and power unit ratings, will 
change. In most cases, all drives within a voltage class can be 
reprogrammed to accommodate a motor within its voltage class. 
This can be done by by resetting the Voltage Class parameter to a 
different setup within the voltage class.
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As an example, consider a 480 volt drive. This drive comes with 
factory default values for 480 V, 60 Hz, with motor data defaulted for 
U.S. motors (HP rated, 1750 RPM, etc.) By setting the Voltage 
Class parameter to "low voltage" (this represents 400 V in this case) 
the defaults are changed to 400 V, 50 Hz settings with motor data 
for European motors (kW rated, 1500 RPM, etc). 

2.4 CE Filters

Conformity with the Low Voltage (LV) Directive and Electromagnetic 
Compatibility (EMC) Directive has been demonstrated using 
harmonized European Norm (EN) standards published in the 
Official Journal of the European Communities. The SP600 AC drive 
complies with the EN standards listed below when installed 
according to this User Manual.

CE Declarations of Conformity are available online at:
http://www.reliance.com/certification.

Low Voltage Directive (73/23/EEC)

• EN50178 Electronic equipment for use in power installations

• EN60204-1 Safety of machinery – Electrical equipment of 
machines

EMC Directive (89/336/EEC)

• EN61800-3 (Second Environment) Adjustable-speed electrical 
power drive systems Part 3: EMC product standard including 
specific test methods

General Notes

To be CE-compliant, the motor cable should be kept as short as 
possible in order to avoid electromagnetic emission as well as 
capacitive currents.

AC drives may cause radio interference. The user is required to 
take measures to prevent interference.

If the adhesive label is removed from the top of the drive, the drive 
must be mounted in a cabinet with side openings less than 12.5 mm 
(0.5 in) and top openings less than 1.0 mm (0.04 in) to maintain 
compliance with the Low Directive.

Conformity with CE EMC requirements does not guarantee that the 
entire machine or installation will comply with the requirements.

Use of line filters in ungrounded systems is not recommended.
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2.4.1 Essential Requirements for CE Compliance

All conditions listed below must be satisfied for SP600 drives to 
meet the requirements of EN61800-3 for the Second Environment 
(Industrial).

• Standard SP600 CE-compatible drive.

• Grounding as described in section 5.3 if this manual.

• Output power, control (I/O) and signal wiring must be braided, 
shielded cable with a coverage of 75% or better, metal conduit or 
equivalent attenuation.

• Cable length restrictions, common mode cores and filters per 
table 2.2.

Table 2.2 – SP600 AC Drive EN1800-3 EMC Compatibility

F
ra

m
e

Drive Description Second Environment

First Environment 
Restricted 

Distribution

2 Drive with any options

Restrict Motor Cable 
to 30 m (98 ft)

- Restrict Motor Cable
   to 150 m (492 ft)

- Install external filter1

1 Select the Roxburgh filter (or equivalent) that meets your specifications from the list 
below.

     Filter Part No.      Current      Filter Part No.      Current
     MIF306                   6 A              MIF350                   50 A
     MIF310                   10 A            MIF375                   75 A
     MIF316                   16 A            MIF3100                100 A
     MIF323                   23 A            MIF3150                150 A
     MIF330                   30 A     

3 Drive with any options

5 Drive with any options (not available) (not available)
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2.5  Drive Connections

Figure 2.2 shows the locations of the drive terminal blocks and 
connectors used to set up and operate the drive.

No. Connector Description

� Power 
Terminal Block

Connections for input and output power 
wiring.

� Signal and I/O 
Terminal Block

Connections for signal and I/O wiring.

Important: The I/O board may be 24 VDC or 
115 VAC. Check the model 
number on the drive nameplate.

� DPI Port 1 OIM connection.

� DPI Port 2 Connection for remote OIM or RECOMM-232 
serial interface. 

� DPI Port 5 Connection for optional communications 
module.

Figure 2.2 – Drive Connections
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Frame 2
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WIRE RANGE: 14-1/0 AWG (2.5-35 MM2)
TORQUE: 32 IN-LB (3.6 N-M)
STRIP LENGTH: 0.67 IN (17 MM)
USE 75° C CU WIRE ONLY

POWER TERMINAL RATINGS

WIRE RANGE: 6-1/0 AWG (16-35 MM2)
TORQUE: 44 IN-LB (5 N-M)
STRIP LENGTH: 0.83 IN (21 MM)

GROUND TERMINAL RATINGS (PE)

300 VDC EXT PWR SPLY TERM (PS+, PS-)

WIRE RANGE: 22-10 AWG (0.5-4 MM2)
TORQUE: 5.3 IN-LB (0.6 N-M)
STRIP LENGTH: 0.35 IN (9 MM)
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2.6 Drive Communication Options

The flat-ribbon cable connector (labeled � in figure 2.2) is a 
parallel bus connection port that provides a means of attaching 
optional communication modules such as the DeviceNet 
Communication module to the SP600 AC drive. 

Refer to the appropriate board instruction manual for more 
information. See table 2.3 for a list of available communication 
options.

2.7 Remote Operator Interface

The SP600 drive can be controlled and monitored using a remote 
LCD OIM (Operator Interface Module). The remote OIM connects to 
DPI port 2 at the bottom of the drive frame (labeled � in figure 2.2.) 
Note that you must change the appropriate parameters (89 and 90) 
to enable control from the remote keypad.

2.8 PC-Based Utility

The SP600 drive can be configured using a PC-based software 
utility such as VS Utilities. This program enables you to upload and 
download parameter configurations.

Table 2.3 – Standard Kits and Options

Description Model Number
Instruction 

Manual

DeviceNet Communication module RECOMM-DNET D2-3478

Profibus Communication module RECOMM-PBUS D2-3479

Interbus Communication module RECOMM-IBUS D2-3480

ControlNet Communication module RECOMM-CNET D2-3497

Table 2.4 – Remote OIM

Description Model Number
Instruction 

Manual

Remote NEMA 4X LCD OIM RE4LCD-PNL D2-3490

Table 2.5 – PC-Based Utility

Description Model Number
Instruction 

Manual

VS Utilities RECOMM-VSU232 n/a

Serial Converter for DPI Drives RECOMM-232 D2-3477
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CHAPTER 3
Mounting the Drive

This chapter provides information that must be considered when 
planning a SP600 AC drive installation and provides drive mounting 
information. Installation site requirements, drive requirements, and 
wiring requirements are presented.

!
ATTENTION: Only qualified electrical personnel familiar with 
the construction and operation of this equipment and the 
hazards involved should install, adjust, operate, or service this 
equipment. Read and understand this manual and other 
applicable manuals in their entirety before proceeding. Failure 
to observe this precaution could result in severe bodily injury 
or loss of life.

ATTENTION: Use of power correction capacitors on the 
output of the drive can result in erratic operation of the motor, 
nuisance tripping, and/or permanent damage to the drive. 
Remove power correction capacitors before proceeding. 
Failure to observe this precaution could result in damage to, 
or destruction of, the equipment.

ATTENTION: The user is responsible for conforming with all 
applicable local, national, and international codes. Failure to 
observe this precaution could result in damage to, or 
destruction of, the equipment.
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3.1 General Requirements for the 
Installation Site

It is important to properly plan before installing a SP600 AC drive to 
ensure that the drive’s environment and operating conditions are 
satisfactory.

Note that no devices are to be mounted behind the drive. If air-
cooled devices are mounted near the drive, the hot air exhaust may 
raise the ambient temperature level above what is allowed for safe 
operation of the drive. 

The area behind the drive must be kept clear of all control and 
power wiring. Power connections may create electromagnetic fields 
which may interfere with control wiring or components when run in 
cose proximity to the drive. 

Read the recommendations in the following sections before 
continuing with drive installation.

3.1.1 Verifying Power Module AC Input Ratings 
Match Available Power

SP600 drives are suitable for use on a circuit capable of delivering 
up to a maximum of 200,000 rms symmetrical amperes, and a 
maximum of 600 volts (nominal).

3.1.1.1 Unbalanced or Ungrounded Distribution Systems

For ungrounded distribution systems, disconnect the MOVs and 
common mode capacitors by removing or disconnecting the 
jumper(s) shown in figure 3.1. 

!
ATTENTION: To guard against personal injury and/or 
equipment damage caused by improper fusing or circuit 
breaker selection, use only the recommended line fuses/circuit 
breakers specified in section 4.4.

!
ATTENTION: SP600 drives contain protective MOVs and 
common mode capacitors that are referenced to ground. 
These devices should be disconnected if the drive is installed 
on an ungrounded distribution system. Failure to observe this 
precaution could result in damage to, or destruction of, the 
equipment.
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3.1.1.2 Input Power Conditioning

If any of the following conditions exist, the use of a line reactor or 
isolation transformer is recommended.

• Frequent power outages

• Ungrounded AC supply source

• Facility has power factor correction capacitors

• Input voltage variations exceed drive operating specifications

Jumper Component Frames Action

PEA Common Mode 
Capacitors

2, 3 Remove jumper

5 Remove the I/O Cassette. The 
green/yellow jumper is located on the 
back of chassis in the area shown. 
Disconnect, insulate and secure the 
wire to guard against unintentional 
contact with chassis or components.

PEB MOVs 2, 3 Remove jumper

5 Note location of green/yellow jumper 
wire. Disconnect, insulate and 
secure the wire guard against 
unintentional contact with chassis or 
components.

Figure 3.1 – Typical Jumper Locations 
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WIRE RANGE: 14-1/0 AWG (2.5-35 MM2)
TORQUE: 32 IN-LB (3.6 N-M)
STRIP LENGTH: 0.67 IN (17 MM)
USE 75° C CU WIRE ONLY

POWER TERMINAL RATINGS

WIRE RANGE: 6-1/0 AWG (16-35 MM2)
TORQUE: 44 IN-LB (5 N-M)
STRIP LENGTH: 0.83 IN (21 MM)

GROUND TERMINAL RATINGS (PE)

300 VDC EXT PWR SPLY TERM (PS+, PS-)

WIRE RANGE: 22-10 AWG (0.5-4 MM2)
TORQUE: 5.3 IN-LB (0.6 N-M)
STRIP LENGTH: 0.35 IN (9 MM)
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Communications
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3.1.1.3 AC Input Phase Selection (Frame 5 Only)

Move the “Line Type” jumper as shown in figure 3.2 to select single 
or three-phase operation.

3.1.1.4 Selecting/Verifying Fan Voltage (Frame 5 Only)

Frame 5 drives use a transformer to match the input line voltage to 
the internal fan voltage. If your line voltage is different than the 
voltage class specified on the drive nameplate, it will be necessary 
to change transformer tap as shown in figure 3.2 .

3.1.2 Making Sure Environmental Conditions are Met 

Before deciding on an installation site, consider the following 
guidelines:

• Verify that NEMA 1 drives can be kept clean, cool, and dry.

• The area chosen should allow the space required for proper air 
flow as defined in section 3.1.3.

• Be sure that NEMA 1 drives are away from oil, coolants, or other 
airborne contaminants.

• Do not install the drive more than 3300 feet above sea level 
without derating output power. For every 300 feet above 3300 
feet, derate the output current 1%.

• Verify that the drive location will meet the environmental 
conditions in Appendix A.

Figure 3.2 – Selecting Input Phase and Fan Voltage (Frame 5 Only)
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690 Volt Tap

400 Volt Tap
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WIRE RANGE: 6-1/0 AWG (16-35 MM2)
TORQUE: 44 IN-LB (5 N-M)
STRIP LENGTH: 0.83 IN (21 MM)

GROUND TERMINAL RATINGS (PE)

300 VDC EXT PWR SPLY TERM (PS+, PS-)

WIRE RANGE: 22-10 AWG (0.5-4 MM2)
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STRIP LENGTH: 0.35 IN (9 MM)
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3.1.3 Verifying the Site Provides for Recommended 
Air Flow Clearances

Be sure there is adequate clearance for air circulation around the 
drive. For best air movement, do not mount SP600 AC drives 
directly above each other. Note that no devices are to be mounted 
behind the drive. This area must be kept clear of all control and 
power wiring. See figure 3.3 for recommended air flow clearances.

Figure 3.3 – Minimum Mounting Clearances

101.6 mm
(4.0 in)

101.6 mm
(4.0 in)

50.8 mm
(2.0 in)

(with adhesive 
label)

(without adhesive label)
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3.1.4 Determining the Total Area Required for the 
Drive

Overall dimensions and weights are illustrated in figures 3.4 and 3.5 
as an aid to calculating the total area required by the SP600 AC 
drive. 

Frame HP H W D A C Weight

2 20 to 25 @ 460 VAC 342.5
(13.48)

222.0
(8.74)

200.0
(7.87)

192.0
(7.56)

320
(12.6)

12.52
(27.6)

3 30 to 50 @ 460 VAC 517.5
(20.37)

222.0
(8.74)

200.0
(7.87)

192.0
(7.56)

500
(19.7)

18.55
(40.9)

Figure 3.4 – Panel-Mount Drive Dimensions - Frames 2 and 3

D

W

C15.0 (0.59)

5.8 (0.23) dia. 5.5 (0.22)

A

B
5.5 (0.22)

H
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CAUTION

Dimensions in mm (in)Front View

Side View

Weight in kg (lb)
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3.2 Mounting the Drive
Refer to figures 3.4 and 3.5 for drive mounting dimensions. 

Attach the drive to the vertical surface using the mounting holes 
provided. Frame size 2 and 3 drives should be mounted using 5/16” 
(M8) bolts. Frame size 5 drives should be mounted using 1/4” (M6) 
bolts. 

3.2.1 Verifying the Drive’s Watts Loss Rating

When mounting the drive inside another enclosure, determine the 
watts loss rating of the drive from table 2.1. This table lists the 
typical full load power loss watts value at a carrier frequency of 
4 kHz. Ensure that the enclosure is adequately ventilated with 0° to 
40° C (32° to 104° F) ambient air.

Frame HP H W D A C Weight

5 60 to 100 HP @ 460 VAC 644.5
(25.37)

308.9
(12.16)

275.4
(10.84)

625.0
(24.61)

225.0
(8.86)

37.19
(82.0)

Figure 3.5 – Panel-Mount Drive Dimensions - Frame 5

HOT surfaces can cause severe burns

CAUTION

12.5
(0.49)

6.5 (0.26)

259.1 (10.20)
Detail

15.0 (0.59)

6.5 (0.26)

37.6 (1.48)

Lifting Holes - 4 Places
12.7 (1.37) Dia.

H A

D

W

C
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CHAPTER 4
Wiring Requirements

for the Drive

Evaluate wire sizes, branch circuit protection, and E-stop wiring 
(see section 7.1) before continuing with the drive installation.

4.1 Meeting Terminal Block Input and 
Output Specifications

The terminal block on the SP600 I/O interface board provides 
terminals for 24 V or 115 VAC power for the control inputs, 
depending on the I/O card installed in the drive. See figure 2.2 for 
the location of the I/O terminal block. Refer to 4.3 for control input 
and output wire specifications.

4.2 Determining Wire Size Requirements
Wire size should be determined based on the size of conduit 
openings, and applicable local, national, and international codes, 
such as NEC/CEC.

!
ATTENTION: The user is responsible for conforming with all 
applicable local, national, and international codes. Failure to 
observe this precaution could result in damage to, or 
destruction of, the equipment.

!
ATTENTION: Verify the voltage rating of the I/O interface 
board before wiring any user devices.  Failure to observe this 
precaution could result in damage to, or destruction of, the 
equipment.
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4.2.1 Power Wiring

Cable Types Acceptable for 200-600 Volt Installations

General

A variety of cable types are acceptable for drive installations. For 
many installations, unshielded cable is adequate, provided it can be 
separated from sensitive circuits. As an approximate guide, allow a 
spacing of 0.3 meters (1 foot) for every 10 meters (32.8 feet) of 
length. In all cases, long parallel runs must be avoided. Do not use 
cable with an insulation thickness less than or equal to 15 mils 
(0.4mm/0.015 in.). See table 4.1.

Unshielded

THHN, THWN or similar wire is acceptable for drive installation in 
dry environments provided adequate free air space and/or conduit 
fill rates limits are provided. Do not use THHN or similarly coated 
wire in wet areas. Any wire chosen must have a minimum insulation 
thickness of 15 mils and should not have large variations in 
insulation concentricity.

!
ATTENTION: National Codes and standards (NEC, VDE, 
BSI etc.) and local codes outline provisions for safely installing 
electrical equipment. Installation must comply with 
specifications regarding wire types, conductor sizes, branch 
circuit protection and disconnect devices. Failure to do so may 
result in personal injury and/or equipment damage.
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Shielded/Armored Cable

Shielded cable is recommended if sensitive circuits or devices are 
connected or mounted to the machinery driven by the motor.

4.2.2 Power Wire Sizes

Input power wiring should be sized according to applicable codes to 
handle the drive’s continuous-rated input current. Output wiring 
should be sized according to applicable codes to handle the drive’s 
continuous-rated output current. See table 4.2 for the range of 
power wire sizes that the terminals can accomodate.

Table 4.1 – Recommended Shielded Wire

Location Rating/Type Description

Standard
(Option 1)

600V, 90°C (194°F)
XHHW2/RHW-2
Anixter
B209500-B209507,
Belden 29501-29507,
or equivalent

• Four tinned copper conductors with XLP 
   insulation.
• Copper braid/aluminum foil combination 
   shield and tinned copper drain wire.
• PVC jacket.

Standard
(Option 2)

Tray rated 600V, 90° C
(194° F) RHH/RHW-2
Anixter OLF-7xxxxx or 
equivalent

• Three tinned copper conductors with XLPE 
   insulation.
• 5 mil single helical copper tape (25%
  overlap min.) with three bare copper  
   grounds in contact with shield.
• PVC jacket.

Class I & II;
Division I & II

Tray rated 600V, 90° C
(194° F) RHH/RHW-2
Anixter 7V-7xxxx-3G
or equivalent

• Three bare copper conductors with XLPE 
   insulation and impervious corrugated
   continuously welded aluminum armor.
• Black sunlight resistant PVC jacket 
   overall.
• Three copper grounds on #10 AWG and    
   smaller.

Table 4.2 – Power Terminal Block Specifications

Frame
Wire Size Range1

TorqueMaximum Minimum
2 6 AWG 18 AWG 1.4 to 1.8 N-m (12 to 15 in-lb)
3 3 AWG 14 AWG  1.9 to 3.8 N-m (16 to 32 in-lb)

5 (60 to 75 HP) 1/0 AWG 14 AWG 3.6 N-m (32 in-lb)
5 (100 HP) 3/0 AWG 4 AWG 15 N-m (133 in-lb)

1 Maximum/minimum sizes that the terminal block will accept. These are not 
recommendations.
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4.2.3 Recommended Control and Signal Wire Sizes

The terminal block on the I/O interface board provides terminals for 
24 V or 115 VAC power for the control inputs, depending on the 
I/O card installed in the drive. Refer to 4.3 for signal and control 
wiring specifications.

4.2.4 Recommended Motor Lead Lengths

Typically, motor lead lengths less than 91 m (300 ft) are acceptable. 
The primary concerns regarding cable length are cable charging 
and reflected wave (see section 4.2.4). 

When total lead length exceeds 300 feet, nuisance trips can occur 
caused by capacitive current flow to ground. Note that these 
capacitively-coupled currents should be taken into consideration 
when working in areas where drives are running. If the motor lead 
length must exceed these limits, the addition of output line reactors 
(see section 6.3.1) or other steps must be taken to avoid problems. 

Your application may be restricted to a shorter lead length due to:

• the type of wire

• the placement of wire (for example, in conduit or a cable tray)

• the type of line reactor

• the type of motor.

Table 4.3 – Recommended Signal and Control Wire

Signal 
Type Wire Type(s) Description

Minimum 
Insulation 

Rating

Analog I/O Belden 8760/
9460 (or equiv.)

18AWG, twisted pair, 
100% shield with drain1.

1 If the wires are short and contained within a cabinet which has no sensitive circuits, 
the use of shielded wire may not be necessary, but is always recommended.

300V, 60°C 
         (140°F)

Belden 8770
(or equiv.)

18AWG, 
3-conductor, shielded for 
remote pot only.

Unshielded
Control

Per NEC or 
applicable local 
code

300V, 60°C 
         (140°F)

Shielded
Control

Multi-conductor 
cable such as 
Belden 8770
(or equiv.)

100% shield coverage 
copper, color-coded and 
jacketed.

300V, 60°C 
         (140°F)
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Figure 4.1 illustrates how to calculate motor lead lengths. The 
examples shown assume a maximum lead length of 300 feet. 

4.2.5 Reflected Wave Compensation

The pulses from a pulse width modulation (PWM) inverter using 
IGBTs are very short in duration (50 nanoseconds to 1 millisecond). 
These short pulse times, combined with the fast rise times (50 to 
400 nanoseconds) of the IGBT, will result in excessive overvoltage 
transients at the motor.

Voltages in excess of twice the DC bus voltage, (650 V DC nominal 
@480 V input) result at the motor and can cause motor winding 
failure.

The patented reflected wave correction software in the SP600 AC 
drive reduces these overvoltage transients from the drive to the 
motor. The correction software modifies the PWM modulator to 
prevent PWM pulses less than a minimum time from being applied 
to the motor. The minimum time between PWM pulses is 10 
microseconds. The modifications to the PWM modulator limit the 
overvoltage transient to 2.25 per unit volts line-to-line peak at 600 
feet of cable.

400 V Line = 540 V DC bus (max) x 2.25 = 1200 V
480 V Line = 715 V DC bus (max) x 2.25 = 1600 V
600 V Line = 891 V DC bus (max) x 2.25 = 2000 V

The software is standard and requires no special parameters or 
settings.

Figure 4.1 – How to Calculate Typical Motor Lead Lengths

SP600
Drive

Motor

150′ 150′
100′

200′
200’

50′ 50′

300′

Motor

Motor

Motor
Motor Motor

Motor

SP600
Drive

SP600
Drive

SP600
Drive
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Figure 4.2 shows the inverter line-to-line output voltage (top trace) 
and the motor line-to-line voltage (bottom trace) for a 10 HP, 460 V 
AC inverter, and an unloaded 10 HP AC induction motor at 60 Hz 
operation. 500 ft. of #12 AWG PVC cable connects the drive to the 
motor.

Initially, the cable is in a fully charged condition. A transient 
disturbance occurs by discharging the cable for approximately 4 
ms. The propagation delay between the inverter terminals and 
motor terminals is approximately 1 ms. The small time between 
pulses of 4 ms does not provide sufficient time to allow the decay of 
the cable transient. Thus, the second pulse arrives at a point in the 
motor terminal voltage's natural response and excites a motor 
overvoltage transient greater than 2 pu. 

The amplitude of the double pulsed motor over-voltage is 
determined by a number of variables. These include the damping 
characteristics of the cable, bus voltage, and the time between 
pulses, the carrier frequency, modulation technique, and duty cycle.

Figure 4.3 shows the per-unit motor overvoltage as a function of 
cable length. This is for no correction versus the modulation 
correction code for varied lengths of #12 AWG PVC cable to 600 
feet for a 4 kHz and 8 kHz carrier frequencies. The output line-to-
line voltage was measured at the motor terminals in 100 feet 
increments.

Figure 4.2 – Inverter and Motor Line-to-line Voltages

<Tα

1670 Vpk

50 10 15 20 25

Time (�sec)

30 35 40 45 50

500
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0

500
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Without the correction, the overvoltage increases to unsafe levels 
with increasing cable length for both carrier frequencies.

The patented modulation correction code reduces the overvoltage 
for both carrier frequencies and maintains a relatively flat 
overvoltage level for increasing cable lengths beyond 300 feet.

Figure 4.3 – Motor Overvoltage as a Function of Cable Length

No Correction vs  Correction Method at 4 kHz and 8 kHz Carrier
  Frequencies - Vbus = 650, fe = 60 Hz
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4.3 Verifying Power Module Output 
Current Rating is Greater than 
Motor Full Load Amps

Verify that the SP600 AC drive output current rating is greater than 
the motor’s full load current (amps). Table 2.1 lists the output current 
values.

4.4 Selecting Input Line Branch Circuit 
Protection

Input line branch circuit protection fuses must be used to protect the 
input power lines. Table 4.4 provides drive ratings (including 
continuous, 1 minute and 3 second) and recommended AC line 
input fuse and circuit breaker information. Both types of short circuit 
protection are acceptable for UL and IEC requirements. Sizes listed 
are the recommended sizes based on 40 degree C and the U.S. 
N.E.C. Other country, state or local codes may require different 
ratings. 

Fusing

If fuses are chosen as the desired protection method, refer to the 
recommended types listed below. If available amp ratings do not 
match the tables provided, the closest fuse rating that exceeds the 
drive rating should be chosen.

IEC – BS88 (British Standard) Parts 1 & 2 , EN60269-1, Parts 1 & 2, 
type gG or equivalent should be used.

UL – UL Class CC, T, RK1 or J  must be used. 

Circuit Breakers

The “non-fuse” listings in the following table includes circuit breakers 
(inverse time or instantaneous trip). If a circuit breaker is chosen as 
the desired protection method, the following requirements apply.

IEC and UL – devices are acceptable for IEC and UL installations.

!
ATTENTION: Most codes require that upstream branch 
circuit protection be provided to protect input power wiring. 
Install the fuses or circuit breakers recommended in table 4.4. 
Do not exceed the fuse ratings. Failure to observe this 
precaution could result in damage to, or destruction of, the 
equipment.
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CHAPTER 5
Finding Wire-Routing

Locations and Grounding

This chapter shows entry areas where wiring is to be routed in and 
out of the drive and how to properly ground it.

5.1 Routing Input, Motor Output, Ground, 
and Control Wiring for the Drive

All wiring must be installed in conformance with applicable local, 
national, and international codes, such as NEC/CEC. Signal wiring, 
control wiring, and power wiring must be routed in separate 
conduits to prevent interference with drive operation. 

Note that no wires are to be routed behind the drive. Use grommets, 
when hubs are not provided, to guard against wire chafing. 

Figure 5.1 shows the wire routing, grounding terminal, and power 
terminal blocks of the SP600 AC drive.

Do not route more than three sets of motor leads through a single 
conduit. This will minimize cross-talk that could reduce the 
effectiveness of noise reduction methods. If more than three drive/
motor connections per conduit are required, shielded cable must be 
used. If possible, each conduit should contain only one set of motor 
leads.

!
ATTENTION: Do not route signal and control wiring with power 
wiring in the same conduit. This can cause interference with 
drive operation. Failure to observe this precaution could result 
in damage to, or destruction of, the equipment.
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!
ATTENTION: Unused wires in conduit must be grounded at 
both ends to avoid a possible shock hazard caused by induced 
voltages. Also, if a drive sharing a conduit is being serviced or 
installed, all drives using this conduit should be disabled to 
eliminate the possible shock hazard from cross-coupled motor 
leads. Failure to observe these precautions could result in 
bodily injury.

Figure 5.1 – Wire Routing and Terminal Block Locations (Frame 2 Shown)

BR1 B

SHLD SHLD

V/T2  W/T3 PE R/L1 S/L2 T/L3

AUX IN+ AUX OUT–

Optional
Communications

Module

75C Cu Wire
6 AWG [10MM2] Max.

12 IN. LBS.
1.4 N-M } TORQUE

WIRE
STRIP

C
O

N
TR

O
L

PO
W

ER

Signal and Control
Terminal Block

Power 
Terminal Block 

Terminal 
Shield

(Frame 2 shown)

 I/O and Signal Wiring
Input Power Wiring

Motor Wiring
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Figure 5.2 – Wire Routing and Terminal Block Locations (Frame 5 Shown)

WIRE RANGE: 14-1/0 AWG (2.5-35 MM2)
TORQUE: 32 IN-LB (3.6 N-M)
STRIP LENGTH: 0.67 IN (17 MM)
USE 75° C CU WIRE ONLY

POWER TERMINAL RATINGS

WIRE RANGE: 6-1/0 AWG (16-35 MM2)
TORQUE: 44 IN-LB (5 N-M)
STRIP LENGTH: 0.83 IN (21 MM)

GROUND TERMINAL RATINGS (PE)

300 VDC EXT PWR SPLY TERM (PS+, PS-)

WIRE RANGE: 22-10 AWG (0.5-4 MM2)
TORQUE: 5.3 IN-LB (0.6 N-M)
STRIP LENGTH: 0.35 IN (9 MM)

17

21

INPUT ACOUTPUT

Optional
Communications

Module

9

             60 to 75 HP            100 HP

Input Power Wiring

Motor Wiring

I/O and Signal
Wiring

I/O and Signal
Wiring

Terminal
Shield

Power Terminal
Block

Signal and Control
Terminal Block
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5.2 Grounding the Drive

If the supply system is grounded, the drive Safety Ground - PE 
terminal must be connected to system ground. Ground impedance 
must conform to the requirements of national and local industrial 
safety regulations and/or electrical codes. The integrity of all ground 
connections should be periodically checked.

For installations within a cabinet, a single safety ground point or 
ground bus bar connected directly to building steel should be used. 
All circuits including the AC input ground conductor should be 
grounded independently and directly to this point/bar.

Safety Ground - PE

This is the safety ground for the drive that is required by code. This 
point must be connected to adjacent building steel (girder, joist), a 
floor ground rod or bus bar (see figure 5.3 and figure 5.4 ). 
Grounding points must comply with national and local industrial 
safety regulations and/or electrical codes.

Shield Termination - SHLD

The SHLD terminal located on the Cable Entry Plate provides a 
grounding point for the motor cable shield. Refer to figure 5.1 or 
figure 5.2 for location. 

The motor cable shield connected to this terminal on the Cable 
Entry Plate (drive end) should also be connected to the motor frame 
(motor end). Use a shield-terminating or EMI clamp to connect 
shield to this terminal.

When shielded cable is used for control and signal wiring, the shield 
should be grounded at the source end only, not at the drive end.

!
ATTENTION: The user is responsible for conforming with all 
applicable local, national, and international codes. Failure to 
observe this precaution could result in damage to, or 
destruction of, the equipment.

Figure 5.3 – Typical Grounding

U (T1)
V (T2)
W (T3)

R (L1)
S (L2)
T (L3)

PE

SHLD
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CHAPTER 6
Installing Power Wiring

This chapter provides instructions on output wiring to the motor and 
installing AC input power wiring. Refer to figure 6.2 at the end of this 
chapter for a description of the power terminal block.

6.1 Opening the Cover

Follow these steps to open the drive cover.

Step 4. Locate the slot in the upper left hand corner of the drive 
(see figure 6.1). 

Step 5. Slide the locking tab up and swing the door open.

!
ATTENTION:The user is responsible for conforming with all 
applicable local and national codes. Failure to observe this 
precaution could result in damage to, or destruction of, the 
equipment.

!
ATTENTION:DC bus capacitors retain hazardous voltages 
after input power has been removed. After disconnecting input 
power, wait five minutes for the DC bus capacitors to discharge 
and then check the voltage with a voltmeter to ensure the DC 
bus capacitors are discharged before touching any internal 
components. Failure to observe this precaution could result in 
severe bodily injury or loss of life.

Figure 6.1 – Opening the Drive Cover

PWR

RDY
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6.2 Installing Output Power Wiring 
 

To connect the AC output power wiring from the drive to the motor:

Step 1. Wire the three-phase AC output power motor leads by 
routing them according to drive type. See figure 5.1 to for 
wire routing locations. Maximum power wiring sizes are 
shown in table 4.1.

Do not route more than three sets of motor leads through 
a single conduit. This will minimize cross-talk that could 
reduce the effectiveness of noise reduction methods. If 
more than three drive/motor connections per conduit are 
required, shielded cable must be used. If possible, each 
conduit should contain only one set of motor leads.

Step 2. Connect the three-phase AC output power motor leads to 
terminals U/T1, V/T2, and W/T3 on the power terminal 
block. See figure 6.2.

Step 3. Tighten the three-phase AC output power terminals to the 
proper torque according to drive type as shown in 
table 6.1.

!
ATTENTION: Do not route signal and control wiring with power 
wiring in the same conduit. This can cause interference with 
drive operation. Failure to observe these precautions could 
result in damage to, or destruction of, the equipment

ATTENTION: Unused wires in conduit must be grounded at 
both ends to avoid a possible shock hazard caused by induced 
voltages. Also, if a drive sharing a conduit is being serviced or 
installed, all drives using this conduit should be disabled to 
eliminate the possible shock hazard from cross-coupled motor 
leads. Failure to observe these precautions could result in 
bodily injury.

Table 6.1 – Terminal Tightening Torques

Frame Maximum Tightening Torque

2 1.7 N-m (15 in-lb)

3 3.6 N-m (32 in-lb)

5 15 N-m (133 in-lb)
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6.3 Installing Input Wiring

Sections 6.3.1 to 6.3.4 describe incoming line components and how 
to install them.

6.3.1 Installing an Optional Transformer and Reactor

Input isolation transformers might be needed to help eliminate:

• Damaging AC line voltage transients from reaching the drive.

• Line noise from the drive back to the incoming power source.

• Damaging currents that could develop if a point inside the drive 
becomes grounded.

Observe these guidelines when installing an isolation transformer:

• A power disconnecting device must be installed between the 
power line and the primary of the transformer.

• If the user-installed power disconnecting device is a circuit 
breaker, the circuit breaker trip rating must be coordinated with 
the in-rush current (10 to 12 times full load current) of the 
transformer.

• Do not use an input isolation transformer rated more than 
1000 KVA for 480 VAC with less than 5% impedance directly 
ahead of the drive without additional impedance between the 
drive and the transformer.

Table 6.2 shows recommended inductance and line reactor ratings.

Table 6.2 – AC Line Reactors

 Drive (HP) Line Reactor Inductance (±10%) Reactor Rating (kVAr)

20 0.8 mH 1.04

25 0.8 mH 1.04

30  0.7 mH 1.04

40 0.5 mH 1.43

50 0.4 mH 1.90

75 not available not available

100 not available not available
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6.3.2 Installing Fuses for Branch Circuit Protection

Install the required branch circuit protection fuses according to the 
applicable local, national, and international codes (such as NEC/
CEC). The fuses or approved circuit breaker must be installed in the 
line before the drive input terminals. Fuse values are provided in 
table 4.3.

6.3.3 Installing the Required Input Disconnect 

An input disconnect must be installed in the line before the drive 
input terminals in accordance with local, national, and international 
codes, such as NEC/CEC. The disconnect should be sized 
according to the in-rush current as well as any additional loads the 
disconnect might supply. The trip rating for the in-rush current (10 to 
12 times full load current ) should be coordinated with that of the 
input isolation transformer, if used. 

6.3.4 Installing Power Wiring from the AC Input Line 
to the Drive’s Power Terminals

To connect AC input power to the drive:

Step 1. Wire the AC input power leads by routing them according 
to drive type. Refer to figure 5.1. Maximum power wiring 
sizes are listed in table 4.1. 

Step 2. Connect the three-phase AC input power leads to the 
appropriate terminals. Connect the AC input power leads 
to terminals R/L1, S/L2, T/L3 on the power terminal block 
(see figure 6.2).

Step 3. Tighten the AC input power terminals to the proper torque 
as shown in table 6.1.

!
ATTENTION: Most codes require that upstream branch 
protection be provided to protect input power wiring. Failure 
to observe this precaution could result in severe bodily injury 
or loss of life.

!
ATTENTION: Protect the contents of the cabinet from metal 
chips and other debris while drilling the conduit openings. 
Failure to observe this precaution could result in damage to, 
or destruction of, the equipment.

ATTENTION: Do not route signal and control wiring with 
power wiring in the same conduit. This can cause interference 
with drive operation. Failure to observe this precaution could 
result in damage to, or destruction of, the equipment.
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Figure 6.2 – Power Terminal Block

Table 6.3 – Power Terminal Descriptions

Terminal Description Notes

BR1 DC Brake Dynamic brake resistor connection (+)

BR2 DC Brake Dynamic brake resistor connection (–)

DC+ DC Bus (+)   DC bus test point (+)

DC– DC Bus (–)   DC bus test point (–)

U U (T1) Output to Motor

V V (T2) Output to Motor

W W (T3) Output to Motor

     1 

1 Frame 2 only.

Ground

PE1 PE Ground Earth Ground

R R (L1) AC line input power

S S (L2) AC line input power

T T (L3) AC line input power

T
(L3)

S
(L2)

R
(L1)

W
(T3)

V
(T2)

U
(T1)

PEDC–DC+BR2BR1

T
(L3)

S
(L2)

R
(L1)

W
(T3)

V
(T2)

U
(T1)

DC–DC+BR2BR1

Frame 2

Frame 3

Frame 5 (100 HP)

Frame 5 (75 HP)

T/L3S/L2R/L1PEPEW/T3V/T2U/T1DC–DC+
BR1*/
DC+BR2*PS–

PS+

T/L3S/L2R/L1
PEPE

W/T3V/T2U/T1DC–DC+BR1*/
DC+BR2*

PS–

PS+
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CHAPTER 7
Installing Control Wiring

This chapter describes how to wire the signal and I/O terminal strip 
for stop, speed feedback, and remote control signals. Wiring of the 
terminal block is detailed in table 7.1.

7.1 Stop Circuit Requirements

Depending upon the requirements of the application, the 
SP600 AC drive can be configured to provide either a coast-to-rest 
or a ramp-to-rest operational stop without physical separation of the 
power source from the motor. A coast-to-rest stop turns off the 
transistor power device drivers. A ramp-to-rest stop fires the 
transistor power device drivers until the motor comes to a stop, and 
then turns off the power devices. 

In addition to the operational stop, you must provide a hardwired 
emergency stop external to the drive. The emergency stop circuit 
must contain only hardwired electromechanical components. 
Operation of the emergency stop must not depend on electronic 
logic (hardware or software) or on the communication of commands 
over an electronic network or link.

Note that the hardwired emergency stop you install can be used at 
any time to stop the drive.

!
ATTENTION: You must provide an external, hardwired 
emergency stop circuit outside of the drive circuitry. This circuit 
must disable the system in case of improper operation. 
Uncontrolled machine operation can result if this procedure is 
not followed. Failure to observe this precaution could result in 
bodily injury.
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7.1.1 User-Initiated Stopping

The terminal block Drive Enable input and the Function Loss input, 
if configured,  are always active. This is independent of the Logic 
Source Select setting. The terminal block Stop input must be closed 
only when the terminal block is the logic source. See figure 7.1.

7.2 Control and Signal Inputs 

The drive has six logic inputs that are configurable using 
parameters 361 to 366. The logic inputs can be 24 V or 115 VAC, 
depending on the interface board installed in the drive.

There are two relay outputs that are configurable using parameters 
380 to 387, two analog inputs, and one analog output.

7.3 Removing the I/O Terminal Block
Step 1. Open the drive cover.

Step 2. Grip the I/O terminal at the top and bottom, and pull 
straight out.

Step 3. After wiring the terminal block, align the pins and press 
the terminal block back into place.

!
ATTENTION: Note the following about stop commands:

• A stop command from any attached OIM will always be 
enabled regardless of the value of Logic Source Sel 
(parameter 89).

• Network stop commands are effective only when Logic 
Source Sel is set to Network or All Ports. 

• Terminal block stop commands are effective only when Logic 
Source Sel is set to Terminal Blk or All Ports.

Failure to observe these precautions could result in severe 
bodily injury or loss of life.
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7.4 Wiring the Signal and Control I/O

Important: Two I/O boards are available: 24V AC/DC logic and 
115 VAC logic. Verify which board is used in your drive 
before wiring the signal and control I/O terminal block.

Wire the drive’s signal and control I/O to the terminal block as 
shown in table 7.1.

Table 7.1 – Wiring Signal and Control I/O to the Terminal Block 

No. Signal
Factory
Default Description R

el
at

ed
P

ar
am

.
Analog Inputs

1 Anlg Volts In 1 (–) 1 Isolated2, bipolar, differential, ±10 
V, 11 bit & sign, 100k ohm input 
impedance.

320 -
329

2 Anlg Volts In 1 (+)

3 Anlg Volts In 2 (–) 1 Isolated 3, bipolar, differential, ±10 
V, 11 bit & sign, 100k ohm input 
impedance.

4 Anlg Volts In 2 (+)

5 Potentiometer 
Common

– For (+) and (–) 10 V pot 
references.

Analog Output

6 Anlg Volts Out 1 (–) Output 
Freq1

Bipolar, differential, ±10 V, 11 bit & 
sign, 2k ohm minimum load.

340 -
344

7 Anlg Volts Out 1 (+)

8 Anlg Current Out 1 
(–)

1 4-20 mA, 11 bit & sign, 400 ohm 
maximum load.

9 Anlg Current Out 1 
(+)

1

16
32
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10 Reserved

Digital Outputs

11 Digital Out 1 – N.C. Fault Resistive Load
Rating: 2 A at 250 V AC/30 V DC
Min. Load: 10 mA
Inductive Load
Rating: 2 A at 250 V AC/30 V DC
Min. Load: 10 mA

380 -
387

12 Digital Out 1 
Common

13 Digital Out 1 – N.O.

14 Digital Out 2 – N.C. Running

15 Digital Out 2 
Common

16 Digital Out 2 – N.O.

Analog Inputs

17 Anlg Current In 1 (–) 1 Isolated2, 4-20 mA, 11 bit & sign, 
124 ohm input impedance.

320 -
329

18 Anlg Current In 1 (+)

19 Anlg Current In 2 (–) 1 Isolated2, 4-20 mA, 11 bit & sign, 
124 ohm input impedance.20 Anlg Current In 2 (+)

Voltage Reference Supplies

21 –10V Pot Reference n/a 2k ohm minimum, 15 mA 
maximum load.

22 +10V Pot Reference n/a

23 Reserved

24 +24VDC n/a Drive supplied power for logic 
inputs. 150 mA maximum Load.

Table 7.1 – Wiring Signal and Control I/O to the Terminal Block 

No. Signal
Factory
Default Description R

el
at

ed
P

ar
am

.

1

16
32
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Voltage Reference Supplies (cont.)

25 Digital In Common n/a

26 24V Power Supply 
Common (internal)

n/a Drive supplied power for logic 
inputs. 150 mA maximum Load.

Digital Inputs

27 Digital In1 Stop/CF 24V AC/DC I/O Board 
Opto isolated (250 V)
Low state: less than 5 V AC
High State: greater than 10 V AC

115 VAC I/O Board
Opto isolated (250 V)
Low state: less than 10 V AC
High State: greater than 100 V AC

361 -
366

28 Digital In2 Start

29 Digital In3 Function 
Loss

30 Digital In4 Jog

31 Digital In5 Auto/
Manual

32 Digital In6 Speed 
Select

1 These inputs/outputs are dependent on a number of parameters. See “Related 
Parameters” column.

2 Differential Isolation - External source must be maintained at less than 160 V with 
respect to PE. Input provides high common mode immunity.

3 Differential Isolation - External source must be less than 10 V with respect to PE. 

Table 7.1 – Wiring Signal and Control I/O to the Terminal Block 

No. Signal
Factory
Default Description R

el
at

ed
P

ar
am

.

1

16
32
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7.5 I/O Wiring Examples

!
ATTENTION: Noise and drift in sensitive bipolar input circuits 
can cause unpredictable changes in motor speed and 
direction. Use speed command parameters to help reduce 
input source sensitivity.

Input/Output Connection Example

Unipolar1 
10k Ohm Pot. 
Recommended
(2k Ohm 
Minimum)
Bipolar1

±10V Input 

1 Refer to the Attention statement at the top of this page for important bipolar wiring 
information.

Potentiometer Joystick

Analog Input
±10V Input - 
100k ohm input 
impedance.
4-20 mA Input - 
100 ohm input 
impedance

Voltage - Bipolar1 Current - Unipolar

Analog/Digital 
Output
±10V Output - 
Can drive a 10k 
ohm load (25 mA 
short circuit 
current limit).

Voltage Current Logic

2 Wire Control2 
- Non-Reversing
Requires 2-wire 
functions only 
(Digital In1 Sel). 
Using 3-wire 
selections will 
cause a type 2 
alarm.

2 Important: Programming inputs for 2-wire control deactivates all OIM Start buttons.

24VDC Internal 
Supply

24VDC External 
Supply

115V External Source

3 Wire Control
Requires only 
3-wire functions 
(Digital In1 Sel). 
Including 2-wire 
selections will 
cause a type 2 
alarm.

24VDC Internal 
Supply

24VDC External 
Supply

115V External Source

1
2

5

22

3

5 21
22

3
4

17
18 –

+

6
7

+ –

8
9

+ –

Power Source

11
12
13
14
15
16

or

24
25
26
27

Stop-Run

25

27

Stop-Run

+24VCommon
25

27

Stop-Run

Neutral 115V

Start

24
25
26
27
28

Stop

Start

25

27
28

Stop

+24VCommon

Start

115VNeutral

Stop

25

27
28 
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7.6 Wiring Diagram - Control and Motor

!
ATTENTION:  Opening the Function Loss input (3, 9)  will stop 
the drive. You must ensure that all terminal strip inputs are 
wired properly for your drive configuration. Failure to observe 
this precaution could result in severe bodily injury or loss of life.

Figure 7.1 – Typical Wiring Diagram
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Figure 7.2 – Wiring Diagram - Default Drive Configuration
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7.7 Speed Reference Control

The following sections describe methods of obtaining the drive 
speed reference.

7.7.1 Auto Reference Sources

The drive speed reference can be obtained from a number of 
different sources. The source is determined by drive programming 
and the condition of the Speed Select Digital Inputs or reference 
select bits of a drive command word.

The default source for a speed reference is the selection 
programmed in Speed Ref A Sel (parameter 90). If Speed Select 
digital inputs are defined on the terminal block, the drive could use 
other parameters as the speed reference source.

7.7.2 Manual Reference Sources

The manual reference source can be provided by:

• the terminal block 

• an OIM connected to the local port 

• remote OIM (port 2 or 3)

• the network port. 

Manual reference overrides any auto reference selected. By 
configuring the LCD OIM’s function keys, an LCD OIM can provide 
a reference from preset speeds 1-7 or from DPI reference ports. 

For a terminal block to select a manual source (TB Man Ref Sel 
(096)), one of its six digital inputs must be configured as “AUTO/
MAN” and must be closed. (See figure 7.4)
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7.7.3 Changing Reference Sources

The selection of the active Speed Reference can be made through 
digital inputs, DPI command, Jog key, or Auto/Manual OIM 
operation. See figures 7.3 and 7.4.

7.7.4 Auto/Manual Control

The Auto/Manual input is not part of the logic commands controlled 
by parameter 89 (Logic Source Sel). The Auto/Manual input affects 
the speed reference source only. 

In Auto reference mode, the reference source is determined by 
terminal block inputs (if configured) or a parameter (Speed Ref A 
Sel). Only one port at a time can control (own) the reference source.  

In Manual reference mode, the reference source for the drive is 
based on the port that commanded it most recently. The last source 
that commands Manual reference mode will determine the 
reference used by the drive. 

The Auto/Manual function is available through the terminal block 
(edge sensitive)  and LCD OIM function keys. If configured on the 
terminal block, it is possible to have the digital input in the "Manual" 
position but have the Manual reference being controlled from 
another port. Because it is an edge-sensitive signal, the digital input 
would have to be switched to "Auto" and then back to "Manual" to 
re-acquire Manual reference control.

The Jog reference will bypass the Auto/Manual reference while it is 
asserted from the control source. When the Jog reference is 
released, the control source reverts to source that was in effect 
before the Jog reference was asserted.

Figure 7.3 – Speed Reference Control Flowchart

Preset Speed 1, Parameter 101

Preset Speed 2, Parameter 102

Preset Speed 3, Parameter 103

Preset Speed 4, Parameter 104

Preset Speed 5, Parameter 105

Preset Speed 6, Parameter 106

Preset Speed 7, Parameter 107

TB Man Ref Sel, Parameter 096
Auto/Manual 
Digital Input

DPI Port Ref 1-6, See Parameter 209 DPI Command

Jog Speed, Parameter 100 Jog Command

Trim
[Digital Inx Select]:
Speed Sel 3 2 1

0 0 1

0 1 1
0 1 0

1 0 0
1 0 1
1 1 0
1 1 1

Auto

Man

Drive Ref Rslt (272)

Commanded
Frequency (2)

Min/Max Speed

Acc/Dec Ramp
and

S Curve

Pure Reference

Post Ramp Reference (273)

to follower drive for
Frequency Reference

to follower drive for
Frequency Reference

Auto Speed Ref Options

Manual Speed Ref Options

Slip Compensation (123) 1 "Slip Comp"

None 0 "Open Loop"

PI Output (138) 2 "Process Pi"
Speed Adders [Speed Mode]:

PI Exclusive Mode
[PI Configuration]:
Bit 0, Excl Mode = 0

Output
Frequency (1)

Mod Functions
(Skip, Clamp,
Direction, etc.)

Speed Ref A Sel, Parameter 090 0 0 0
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7.8 Remote OIM Configuration

If a remote OIM is connected as the user interface for speed 
reference or logic control, Logic Source Sel (89) and Speed Ref A 
Select (90) must be configured for the connection port to which the 
remote OIM is attached. Typically, a remote OIM is connected to 
port 2 or port 3.  
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Figure 7.4– Speed Reference Selection

Local OIM Ref
Preset Speed 1
Preset Speed 2
   :           :
Preset Speed 7
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CHAPTER 8
Completing the Installation

This chapter provides instructions on how to perform a final check of 
the installation before power is applied to the drive.

8.1 Checking the Installation

To verify the condition of the installation:

Step 1. Turn off, lock out, and tag the input power to the drive. 
Wait five minutes.

Step 2. Verify that the DC bus voltage is zero. See section 12.1.

Step 3. If a function loss coast-stop pushbutton has been 
installed, verify that it has been wired correctly. 

Step 4. Remove any debris, such as metal shavings, from around 
the drive.

Step 5. Check that there is adequate clearance around the drive.

Step 6. Verify that there is nothing mounted behind the drive.

!
ATTENTION: Only qualified electrical personnel familiar with 
the construction and operation of this equipment and the 
hazards involved should start and adjust it. Read and 
understand this manual in its entirety before proceeding. 
Failure to observe this precaution could result in severe bodily 
injury or loss of life.

!
ATTENTION: DC bus capacitors retain hazardous voltages 
after input power has been disconnected. After disconnecting 
input power, wait five minutes for the DC bus capacitors to 
discharge and then check the voltage with a voltmeter to 
ensure the DC bus capacitors are discharged before touching 
any internal components. Failure to observe this precaution 
could result in severe bodily injury or loss of life.

ATTENTION: You must provide an external, hardwired 
emergency stop circuit outside of the drive circuitry. This circuit 
must disable the system in case of improper operation. 
Uncontrolled machine operation can result if this procedure is 
not followed. Failure to observe this precaution could result in 
bodily injury.
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Step 7. Verify that the wiring to the terminal strip and the power 
terminals is correct.

Step 8. Check that the wire size is within terminal specification 
and that the terminals are tightened properly.

Step 9. Check that user-supplied branch circuit protection is 
installed and correctly rated.

Step 10. Check that the incoming power is rated correctly.

Step 11. Check the motor installation and length of motor leads.

Step 12. Disconnect any power correction capacitors connected 
between the drive and the motor.

Step 13. Check that the rating of the transformer (if used) matches 
the drive requirements and is connected properly.

Step 14. Verify that a properly-sized ground wire is installed and a 
suitable earth ground is used. Check for and eliminate 
any grounds between the motor frame and the motor 
power leads. Verify that all ground leads are unbroken.

Step 15. Uncouple the motor from any driven machinery.

8.2 Powering Up after Installation is 
Complete

To verify that the drive is installed correctly and is receiving the 
proper line voltage:

Step 1. Turn the drive’s input power disconnect to the On position.

Step 2. Apply power to the drive.

Step 3. Follow the start-up procedure in chapter 9.



Using the Start-Up Routines on the LCD OIM 9-1

CHAPTER 9
Using the

Start-Up Routines
on the LCD OIM

For standard applications, the Start-Up routines on the LCD OIM 
enable you to configure the most commonly used parameters 
through a series of steps.  This helps you set up the drive as quickly 
as possible.

For advanced applications, you may need to adjust additional 
parameters in the parameter list using either the LCD OIM or 
VS Utilities software.

9.1 Preparing for Start-Up
Before performing Start-Up, you must:

• be qualified to configure the drive and be familiar with the 
operation of AC drives.

• be familiar with the operation of the LCD OIM.

• have completed all hardware installation as described in chapters 
3 through 8 of this manual.

• properly connect the drive to the motor.

!
ATTENTION: Only qualified electrical personnel 
familiar with the construction and operation of this 
equipment and the hazards involved should install, 
adjust, operate, or service this equipment. Read and 
understand this chapter in its entirety before 
proceeding. Failure to observe this precaution could 
result in severe bodily injury or loss of life.
ATTENTION: Incorrect values for some of the 
parameters in the Start-Up routines can cause the 
drive to operate improperly. Verify that the values of 
these parameters are appropriate for your 
application. Failure to observe this precaution could 
result in bodily injury.
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9.2 Running the Start-Up Routines
To access the Start-Up routines, select the Start-Up icon from the 
main menu as shown in figure 9.1.

The Start-Up menu screen contains 8 selections. The first 7 menu 
items contain the most commonly used parameters associated with 
each function. See figure 9.2. 

The Start-Up routine automates the process of entering values of 
selected parameters by taking you to the next parameter after you 
accept a parameter value. As each item in the list is completed, you 
are automatically advanced to the next step.

Important: Parameter values are saved as they are changed. 

Pressing  or aborting the Start-Up routine will not 
undo the changes.

Figure 9.1 – Accessing the Start-Up Routines
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You do not have to configure all of the parameters in all 7 menus. 
The first menu selection, Quickstart, contains the minimum basic 
parameters that must be configured before running the drive. These 
parameters are listed in table 9.1.

The drive’s default configuration assumes the following:

• US voltage class (202) = High voltage

• Motor nameplate base frequency (43) = 60 Hz

• Control mode (53) = Sensorless Vector

• Logic and Reference Source Select (89, 90) = Local OIM

Quickstart

If your application requires adjustment to parameters beyond those 
listed in table 9.1, you can adjust the parameters in any or all of the 
next 6 selections in the Start-Up menu, or you can adjust 
parameters individually through the Parameters menu (see section 
10.3). 

Input Voltages

• 400/480 V

Motor Nameplate Data

• Motor Power Units

• Motor Power

• Motor FLA

• Motor Volts

• Motor Hertz

• Motor RPM

Table 9.1 – Quickstart Parameters

Parameter No. Parameter Name Default

155 Stop Mode A Ramp

42 Motor NP FLA Drive-dependent

81 Minimum Speed 0.0 Hz

82 Maximum Speed 60.0 Hz

140 Accel Time 1 10.0 sec

142 Decel Time 1 10.0 sec

90 Speed Ref A Sel OIM

362 Digital In2 Sel Start
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Motor Tests

• Direction

• Autotune

Speed Limits

• Minimum, Maximum

• Direction Limit

• Stop Mode

Reference Setup

• OIM, Terminal Block, Network, Other

Configure I/O

• Digital Inputs/Outputs

• Two/Three Wire Start

• Analog Outputs

As you adjust the parameters in the Start-Up routines, record them 
in Appendix F.

When you have completed adjusting all of the parameters in the 
Start-Up routines that your application requires, select the last item 
in the menu, Done.

Exiting Before Completing the Start-Up Routines

To exit the Start-Up routines, press the F4 key (Exit).  When you 
select the Start-Up icon from the main menu again, you will be 
prompted to either continue or restart the Start-Up routines.  If you 
select “continue,” you will be returned to the point at which you 
exited.

9.2.1 Sensorless Vector Performance

If sensorless vector operation is required, Torque Performance (53) 
must be set to SVC operation. Autotune (61) must be reviewed to 
determine the appropriate method of autotuning.

!
ATTENTION: Rotation of the motor in an indesired 
direction can occur during the Autotune procedure 
(Autotune (61) = Rotate Tune (2)). Disconnect the 
motor before proceeding. Failure to observe this 
precaution can result in damage to, or destruction 
of, the equipment.



Using the Start-Up Routines on the LCD OIM 9-5

9.2.2 High Speed Operation (>120 Hz)

The SP600 drive can operate at output frequencies of up to 400 Hz. 
In this case, autotuning may not be able to accurately tune the 
drive’s current regulator. Hardware overcurrent faults may occur, 
and manual tuning using VS Utilities may be necessary. Consult 
technical support if this occurs.

9.3 Start/Stop Control

The default configuration is for keypad control. You can start and 
stop the drive from the local OIM.

To configure the drive for two-wire or three-wire Start/Stop control, 
you must set a terminal block input to either the Run function 
(2-wire) or Start function (3-wire). See section 7.5 for I/O wiring 
examples.

Figure 9.3 – Start/Stop Control using the Local OIM
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9.4 Speed Reference

The default configuration is for keypad reference source. If you want 
to use an analog reference input for control, you must configure the 
analog reference inputs. The example below shows speed 
reference from an analog voltage input. Analog inputs can also be 
configured for 4 to 20 mA. 

Figure 9.5 – Analog Speed Reference
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CHAPTER 10
Programming Basics

To program the drive for a specific application, you adjust the 
appropriate parameters. The parameters are used to define 
characteristics of the drive.

This chapter provides an overview of parameter types and how they 
are organized. Parameter descriptions are provided in chapter 11.

10.1 About Parameters
There are three types of parameters:

• Numbered List Parameters
Numbered list parameters allow a selection from two or more 
options. The LCD OIM displays a text message for each item.

Example:  Speed Ref A Sel (90)

• Bit Parameters
Bit parameters have individual bits associated with features or 
conditions. If the bit is 0, the feature is off or the condition is false. 
If the bit is 1, the feature is on or the condition is true.

Example: Drive Status 1 (209)

• Numeric Parameters
These parameters have a single numerical value (for example, 
0.1 volts).

Example: Maximum Freq (55)

Parameters are also either configurable or tunable, or read-only.

Configurable parameters can be adjusted or changed only while 
the drive is stopped.

Tunable parameters can be adjusted or changed while the drive is 
running or stopped.

Read-only parameters cannot be adjusted.
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10.2 How Parameters are Organized

Parameters are organized into seven files:

• Monitor

• Motor Control

• Speed Command

• Dynamic Control

• Utility

• Communication

• Inputs & Outputs

Each file contains parameters that are grouped by their function. A 
file can contain several groups of parameters. See figure 10.1. 

Figure 10.1 – Example of Parameter Organization
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10.3 Accessing the Parameters
Parameters are programmed and viewed using the LCD OIM or VS 
Utilities software. 

The LCD OIM displays parameters by group, by individual 
parameter number, and parameters that have changed from their 
default value. 

To access parameters using the LCD OIM, select the Parameters 
icon from the main screen. See figure 10.2.

See Appendix B for information on modifying parameters using the 
LCD OIM.

See instruction manual D2-3488 for information on accessing and 
modifying parameters using VS Utilities software.

Figure 10.2 – Accessing the Parameters Using the LCD OIM
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10.3.1 Selecting the Parameter Access Level

The SP600 AC drive provides three levels of access to the 
parameters: Basic (0), Standard (1), and Advanced (2). 

The Advanced level allows access to all of the parameters. 

The Standard level allows access to a subset of the Advanced level 
and is used for more sophisticated applications than the Basic level. 

The Basic level allows access to a subset of the Standard level and 
contains only the most commonly used parameters.

The active access level is displayed in Parameter Access Level 
(196). 

To select the parameter access level using the LCD OIM, select the 
Password icon from the main menu.  See figure 10.3.

This option is not supported in the VS Utilities software.

Figure 10.3 – Selecting the Parameter Access Level
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10.3.2 Restricting Access to Other Parameter Levels

The LCD OIM provides the option to restrict access to other 
parameter levels. This feature requires the use of a user-defined 
password when an attempt to change the access level is made. 

To set the access level password, select the Password icon from the 
main menu. See figure 10.4. The password value can range from 1 
to 9999. A value of 0 disables the password (factory default). You 
must either select Logout or return to the process display screen to 
activate the password.  

When you enter the password, you can change access levels until 
you select Logout or return to the process display screen, which 
re-activates the password. Refer to section B.8 in Appendix B for 
information about the process display screen.

Note that once the password is enabled, you will also be prompted 
to enter the password to access the Set Acc Lvl PW option.

This option is not supported in the VS Utilities software.

If There is More Than One OIM Connected to the Drive

Note that setting or changing the access level password on one OIM 
will set or change the access level password for all OIMs connected 
to the drive.

!
ATTENTION: It is the user’s responsibility to determine how 
to distribute the access level password. Reliance Electric is 
not responsible for unauthorized access violations within the 
user’s organization. Failure to observe this precaution could 
result in bodily injury.

Figure 10.4 – Setting the Access Level Password
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10.4 Ensuring Program Security

Parameter values can be password-protected using the LCD OIM.  
When the password is enabled, parameter values can be displayed. 
However, if there is an attempt to change a parameter value, a 
password pop-up box will appear on the OIM screen to prompt for 
the user-defined password.

To set the write-protect password, select the Password icon from the 
main menu.  See figure 10.5. The password value can range from 1 
to 9999. A value of 0 disables the password (factory default).

When the password is enabled, the lock symbol on the screen 
changes from  to .

When you enter the password, you can adjust parameters until you 
select Logout or return to the process display screen, which
re-activates the password. Refer to section B.8 in Appendix B for 
information about the process display screen.

This option is not supported in the VS Utilities software.

If There is More Than One OIM Connected to the Drive

Important: Setting the write-protect password value to zero on one 
OIM will disable the write-protect password on all 
connected OIMs.

Setting the write-protect password in one OIM will not affect any 
other OIM connected to the drive unless a write-protect password 

!
ATTENTION: It is the user’s responsibility to determine how 
to distribute the write-protect password. Reliance Electric is 
not responsible for unauthorized access violations within the 
user’s organization. Failure to observe this precaution could 
result in bodily injury.

Figure 10.5 – Setting the Write-Protect Password
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has also been set in the other OIMs. In this case, the last password 
value entered becomes the password value for all password-
protected OIMs. (Each OIM cannot have a different password 
value.) 

For example, if the write-protect password has been set to 5555 for 
the local OIM, someone using a remote OIM with no write-protect 
password set can still program all of the parameters. If the write-
protect password is then set to 6666 on the remote OIM, you will be 
required to enter 6666 on the local OIM to program the parameters.
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CHAPTER 11
Parameter Descriptions

The following information is provided for each parameter along with 
its description: 

What the Symbols Mean

The parameters are presented in numerical order. Appendix C 
contains a list of parameters by name cross-referenced to 
parameter number.

Parameter Number: Unique number assigned to each 
parameter.

Parameter Name: Unique name assigned to each 
parameter.

Range: Predefined parameter limits or 
selections. Note that a negative Hz 
value indicates reverse rotation.

Default: Factory default setting.

Access: Parameter access level. 
0 = Basic (reduced parameter set)
1 = Standard (reduced parameter set)
2 = Advanced (full parameter set)

Path: Menu selections to reach specified 
parameter. The path is indicated in this 
manner: File>Group

See also: Associated parameters that may provide 
additional or related information.

Symbol Meaning

32-bit parameter

Drive must be stopped before changing 
parameter value.

32
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Table 11.1 – Parameter List

No. Parameter Name
Access 
Level No. Parameter Name

Access 
Level

1 Output Freq 0 63 Flux Current Ref 1
2 Commanded Freq 0 64 Ixo Voltage Drop 2

3 Output Current 0 69 Start/Acc Boost 2
4 Torque Current 1 70 Run Boost 2
5 Flux Current 1 71 Break Voltage 2

6 Output Voltage 0 72 Break Frequency 2
7 Output Power 0 80 Speed Mode 2
8 Output Power Fctr 2 81 Minimum Speed 0

9 Elapsed MWh 2 82 Maximum Speed 0
10 Elapsed Run Time 1 83 Overspeed Limit 2
11 MOP Frequency 1 84 Skip Frequency 1 2

12 DC Bus Voltage 1 85 Skip Frequency 2 2
13 DC Bus Memory 2 86 Skip Frequency 3 2
16 Analog In1 Value 1 87 Skip Freq Band 2

17 Analog In2 Value 1 89 Logic Source Sel 0
26 Rated kW 0 90 Speed Ref A Sel 0
27 Rated Volts 0 91 Speed Ref A Hi 1

28 Rated Amps 0 92 Speed Ref A Lo 1
29 Control SW Ver 0 96 TB Man Ref Sel 1
40 Motor Type 2 97 TB Man Ref Hi 1

41 Motor NP Volts 1 98 TB Man Ref Lo 1
42 Motor NP FLA 1 100 Jog Speed 0
43 Motor NP Hertz 1 101 Preset Speed 1 2

44 Motor NP RPM 1 102 Preset Speed 2 2
45 Motor NP Power 1 103 Preset Speed 3 2
46 Mtr NP Pwr Units 2 104 Preset Speed 4 2

47 Motor OL Hertz 2 105 Preset Speed 5 2
48 Motor OL Factor 2 106 Preset Speed 6 2
53 Torque Perf Mode 2 107 Preset Speed 7 2

54 Maximum Voltage 2 117 Trim In Select 2
55 Maximum Freq 2 118 Trim Out Select 2
56 Compensation 2 119 Trim Hi 2

57 Flux Up Mode 2 120 Trim Lo 2
58 Flux Up Time 2 121 Slip RPM @ FLA 2
59 SV Boost Filter 2 122 Slip Comp Gain 2

61 Autotune 0 123 Slip RPM Meter 2
62 IR Voltage Drop 1 124 PI Configuration 2

                             Read Only Parameter
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125 PI Control 2 170 Flying StartGain 2
126 PI Reference Sel 2 174 Auto Rstrt Tries 1
127 PI Setpoint 2 175 Auto Rstrt Delay 1

128 PI Feedback Sel 2 178 Sleep-Wake Mode 2
129 PI Integral Time 2 179 Sleep-Wake Ref 2
130 PI Prop Gain 2 180 Wake Level 2

131 PI Lower Limit 2 181 Wake Time 2
132 PI Upper Limit 2 182 Sleep Level 2
133 PI Preload 2 183 Sleep Time 2

134 PI Status 2 184 Power Loss Mode 1
135 PI Ref Meter 2 185 Power Loss Time 1
136 PI Fdback Meter 2 186 Power Loss Level 2

137 PI Error Meter 2 190 Direction Mode 0
138 PI Output Meter 2 192 Save OIM Ref 2
140 Accel Time 1 0 193 Man Ref Preload 2

141 Accel Time 2 2 194 Save MOP Ref 2
142 Decel Time 1 0 195 MOP Rate 2
143 Decel Time 2 2 196 Param Access Lvl 0

146 S Curve % 0 197 Reset To Defalts 0
147 Current Lmt Sel 2 198 Load Frm Usr Set 1
148 Current Lmt Val 0 199 Save To User Set 1

149 Current Lmt Gain 2 200 Reset Meters 1
150 Drive OL Mode 1 201 Language 2
151 CarrierFrequency 0 202 Voltage Class 2

155 Stop Mode A 1 203 Drive Checksum 2
156 Stop Mode B 1 209 Drive Status 1 2
157 DC Brake Lvl Sel 1 210 Drive Status 2 2

158 DC Brake Level 1 211 Drive Alarm 1 1
159 DC Brake Time 1 212 Drive Alarm 2 1
160 Bus Reg Gain 2 213 Speed Ref Source 2

161 Bus Reg Mode A 2 214 Start Inhibits 2
162 Bus Reg Mode B 2 215 Last Stop Source 2
163 DB Resistor Type 1 216 Dig In Status 2

164 Bus Reg Kp 2 217 Dig Out Status
165 Bus Reg Kd 2 218 Drive Temp
168 LevelSense Start 2 219 Drive OL Count

169 Flying Start En 2 220 Motor OL Count

Table 11.1 – Parameter List

No. Parameter Name
Access 
Level No. Parameter Name

Access 
Level
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224 Fault Frequency 2 313 Data Out B2 - Link B Word 2 2
225 Fault Amps 2 314 Data Out C1 - Link C Word 1 2
226 Fault Bus Volts 2 315 Data Out C2 - Link C Word 2 2

227 Status 1 @Fault 2 316 Data Out D1 - Link D Word 1 2
228 Status 2 @ Fault 2 317 Data Out D2 - Link D Word 2 2
229 Alarm 1 @Fault 1 320 Anlg In Config 0

230 Alarm 2 @ Fault 1 321 Anlg In Sqr Root 2
234 Testpoint 1 Sel 2 322 Analog In 1 Hi 0
235 Testpoint 1 Data 2 323 Analog In 1 Lo 0

236 Testpoint 2 Sel 2 324 Analog In 1 Loss 2
237 Testpoint 2 Data 2 325 Analog In 2 Hi 2
238 Fault Config 1 2 326 Analog In 2 Lo 2

240 Fault Clear 2 327 Analog In 2 Loss 2
241 Fault Clear Mode 2 340 Anlg Out Config 1
242 Power Up Marker 2 341 Anlg Out Absolut 2

259 Alarm Config 1 2 342 Analog Out1 Sel 1
271 Drive Logic Rslt 2 343 Analog Out1 Hi 1
272 Drive Ref Result 2 344 Analog Out1 Lo 1

273 Drive Ramp Result 2 361 Digital In1 Sel 1
286 Manual Mask 2 362 Digital In2 Sel 1
288 Stop Owner 2 363 Digital In3 Sel 1

298 Manual Owner 2 364 Digital In4 Sel 1
300 Data In A1 - Link A Word 1 2 365 Digital In5 Sel 1
301 Data In A2 - Link A Word 2 2 366 Digital In6 Sel 1

302 Data In B1 - Link B Word 1 2 380 Digital Out1 Sel 1
303 Data In B2 - Link B Word 2 2 381 Dig Out1 Level 1
304 Data In C1 - Link C Word 1 2 382 Dig Out1 OnTime 2

305 Data In C2 - Link C Word 2 2 383 Dig Out1 OffTime 2
306 Data In D1 - Link D Word 1 2 384 Digital Out2 Sel 1
307 Data In D2 - Link D Word 2 2 385 Dig Out2 Level 1

310 Data Out A1 - Link A Word 1 2 386 Dig Out2 OnTime 2
311 Data Out A2 - Link A Word 2 2 387 Dig Out2 OffTime 2
312 Data Out B1 - Link B Word 1 2

Table 11.1 – Parameter List

No. Parameter Name
Access 
Level No. Parameter Name

Access 
Level
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The output frequency present at T1, T2, and T3 (U, V, and W). This 
value includes reference, slip comp, and IR compensation. 

The value of the active pre-ramp reference frequency command.

The total output current present at T1, T2, and T3 (U, V, and W), 
which includes torque and flux components.  

The amount of current that is in phase with the fundamental voltage 
component. This is the torque-producing component of the output 
current.

1 Output Freq
Range: +/-400.0 Hz   [0.1 Hz]

Default: Read Only

Access: 0 Path: Monitor>Metering

See also:

2 Commanded Freq
Range: +/- 400.0 Hz   [0.1 Hz]

Default: Read Only

Access: 0 Path: Monitor>Metering

See also:  

3 Output Current
Range: 0.0 to Drive Rated Amps x 2   [0.1 Amps]

Default: Read Only

Access: 0 Path: Monitor>Metering

See also:  

4 Torque Current
Range: Drive Rating x -2 to +2   [0.1 Amps]

Default: Read Only

Access: 1 Path:  Monitor>Metering

See also:  
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The amount of current that is out of phase with the fundamental 
voltage component. This is the magnetizing component of the 
output current. 

The output voltage present at T1, T2, and T3 (U, V, and W).

The output power present at T1, T2, and T3 (U, V, and W).

The output power factor.

The accumulated output energy of the drive.

5 Flux Current
Range: Drive Rating x -2 to +2   [0.1 Amps]

Default: Read Only

Access: 1 Path:  Monitor>Metering

See also:  

6 Output Voltage
Range: 0.0 to Drive Rated Volts   [0.1 VAC]

Default: Read Only

Access: 0 Path: Monitor>Metering

See also:  

7 Output Power
Range: 0.0 to Drive Rated kW x 2   [0.1 kW]

Default: Read Only

Access: 0 Path:  Monitor>Metering

See also:  

8 Output Powr Fctr
Range: 0.00 to 1.00   [0.01]

Default: Read Only

Access: 2 Path: Monitor>Metering

See also:  

9 Elapsed MWh
Range: 0.0 to 429,496,729.5 MWh   [0.1 MWh]

Default: Read Only

Access: 2 Path: Monitor>Metering 

See also:  

32
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The accumulated time the drive has been outputting power.

The setpoint value of the MOP (Motor-Operated Potentiometer) 
function.    

The present DC bus voltage level.

A six-minute average of the DC bus voltage level.

10 Elapsed Run Time
Range: 0.0 to 429,496,729.5 Hr   [0.1 Hr]

Default: Read Only

Access: 1 Path:  Monitor>Metering 

See also:  194,195

32

11 MOP Frequency
Range: +/- 400.0    [0.1 Hz]

Default: Read Only

Access: 1 Path:  Monitor>Metering

See also:  

12 DC Bus Voltage
Range: 0.0 to 460 / 920 VDC1   [0.1 VDC]

Default: Read Only

Access: 1 Path:  Monitor>Metering

See also:  

1200% of bus voltage limit.

13 DC Bus Memory
Range: 0.0 to 460 / 920 VDC1   [0.1 VDC]

Default: Read Only

Access: 2 Path:  Monitor>Metering

See also:  

1200% of bus voltage limit.
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The value of the signal at the analog inputs. This value does not 
include scaling information programmed by the user (for example, 
Analog In1 Hi). The terminals monitored depend on the setting of 
Anlg In Config (320). The inputs can be configured as voltage or 
current.

The drive power rating.

The drive input voltage class (208, 240, 400, etc.).

The drive rated output current.

16
17

Analog In1 Value
Analog In2 Value
Range: 4.000 to 20.000 mA   [0.001 mA]

-/+10.0 V   [0.1 V]

Default: Read Only

Access: 16=1
17=1

Path:  Monitor>Metering

See also:  320

26 Rated kW
Range: 0.37 to 87.0 kW   [0.1 kW]

Default: Read Only

Access: 0 Path:  Monitor>Drive Data

See also:  

32

27 Rated Volts
Range: 208 to 600 V   [0.1 VAC]

Default: Read Only

Access: 0 Path:  Monitor>Drive Data

See also:  

28 Rated Amps
Range: 1.1 to 125.0 Amps   [0.1 Amps]

Default: Read Only

Access: 0 Path:  Monitor>Drive Data

See also:  



Parameter Descriptions 11-9

The Main Control board software version.

Set to match the type of motor connected.

Set to the motor nameplate rated volts. The motor nameplate base 
voltage defines the output voltage when operating at rated current, 
rated speed, and rated temperature.

Set to the motor nameplate rated full load amps. The motor 
nameplate FLA defines the output amps when operating at rated 
voltage, rated speed, and rated temperature. It is used in the motor 
thermal overload and in the calculation of slip.

29 Control SW Ver
Range: 0.000 to 65.256   [0.001]

Default: Read Only

Access: 0 Path:  Monitor>Drive Data

See also: 196

40 Motor Type
Range: 0 = Induction

1 = Synchr Reluc
2 = Synchr PM

Default: 0 = Induction

Access: 2 Path:  Motor Control>Motor Data

See also:  

41 Motor NP Volts
Range: 0.0 to Drive Rated Volts   [0.1 VAC]

Default: Based on Drive Type

Access: 1 Path:  Motor Control>Motor Data

See also:  

42 Motor NP FLA
Range: 0.0 to Rated Amps x 2   [0.1 Amps]

Default: Based on Drive Type

Access: 1 Path:  Motor Control>Motor Data

See also: 47, 48
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Set to the motor nameplate rated frequency. The motor nameplate 
base frequency defines the output frequency when operating at 
rated voltage, rated current, rated speed, and rated temperature.

Set to the motor nameplate rated RPM. The motor nameplate RPM 
defines the rated speed when operating at motor nameplate base 
frequency, rated current, base voltage, and rated temperature. This 
is used to calculate slip.

Set to the motor nameplate rated power. The motor nameplate 
power is used with the other nameplate values to calculate default 
values for motor parameters to assist the commissioning process. 
This may be entered in horsepower or in kilowatts as selected in 
parameter 46.

Set to the power units shown on the motor nameplate. This 
parameter determines the units for parameter 45.

43 Motor NP Hertz
Range: 5.0 to 400.0 Hz   [0.1 Hz]

Default: Based on Drive Type

Access: 1 Path:  Motor Control>Motor Data

See also:  

44 Motor NP RPM
Range: 60 to 24000 RPM   [1 RPM]

Default: 1750 RPM

Access: 1 Path:  Motor Control>Motor Data

See also:  

45 Motor NP Power
Range: 0.00 to 5000.00  [0.01]

Default: Based on Drive Type

Access: 1 Path:   Motor Control>Motor Data

See also: 46

32

46 Mtr NP Pwr Units
Range: 0 = Horsepower

1 = kiloWatts

Default: Based on Drive Type

Access: 2 Path:  Motor Control>Motor Data

See also:  
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Selects the output frequency below which the motor operating 
current is derated. The motor thermal overload could generate a 
fault at below rated current. For all settings of overload Hz other 
than zero, the overload capacity is reduced to 70% when output 
frequency is zero.

Sets the continuous current operating level for the motor.

This parameter can be used to raise the level of current that will 
cause the motor thermal overload to trip. The effective overload 
factor is a combination of parameters 47 and 48. 

Motor FLA x OL Factor = Operating Level (continuous)

47 Motor OL Hertz
Range: 0.0 to 400.0 Hz   [0.1 Hz]

Default: Motor NP Hz / 3

Access: 2 Path:  Motor Control>Motor Data

See also: 42, 220

48 Motor OL Factor
Range: 0.20 to 2.00   [0.01]

Default: 1.00

Access: 2 Path:  Motor Control>Motor Data

See also: 42, 220

Changing Overload Hz
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Sets the method of motor torque production.

• Sensrls Vect maintains consistent magnetizing current up to base 
speed, and voltage increases as a function of load. 

• SV Economize allows the drive to automatically adjust output 
voltage as the load changes to minimize current suplied to the 
motor. The voltage is adjusted by means of flux current adaption.

• Custom V/Hz allows for tailoring the volts/hertz curve by adjusting 
parameters 54, 55, 70, 71 and 72. 

• Fan/Pmp V/Hz mode sets a fan load volts per hertz curve profile 
exponential to base frequency and linear from base to maximum 
frequency). Run boost can offset the low speed curve point. 

 

53 Torque Perf Mode
Range: 0 = Sensrls Vect

1 = SV Economize
2 = Custom V/Hz
3 = Fan/Pmp V/Hz

Default: 0 = Sensrls Vect

Access: 2 Path:  Motor Control>Torq Attributes

See also: 62, 63, 69, 70

Figure 11.1 – Custom V/Hz Curve

Figure 11.2 – Fan/Pump Curve
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Sets the highest voltage the drive will output

Sets the maximum allowable frequency the drive will output. Note 
that this is not maximum speed, which is set in parameter 82. Refer 
to figure 11.3.

Maximum Speed (82) + Overspeed Limit (83) must be ≤ to Maximum Freq (55).

54 Maximum Voltage
Range: (Rated Volts x 0.25) to Rated Volts   [0.1 VAC]

Default: Drive Rated Volts

Access: 2 Path:  Motor Control>Torq Attributes

See also:  

55 Maximum Freq
Range: 5.0 to 400.0 Hz   [0.1 Hz]

Default: 130.0 Hz

Access: 2 Path:  Motor Control>Torq Attributes

See also: 82, 83

Figure 11.3 – Speed Limits

Allowable Output Frequency Range
Bus Regulation or Current Limit

V
o
l
t
a
g
e

Frequency

Allowable Output Frequency Range
Normal Operation

Allowable Reference Frequency Range

Frequency Trim due to
Speed Control Mode

Max Volts

Motor Volts

Break Volts

Start Boost

Run

0 Min
Speed

Motor
Hz

Max
Speed

Output
Freq Limit

Max
Freq

Break
Frequency

Overspeed
Limit



11-14  SP600 AC Drive User Manual 

Enables/disables the compensation correction options.

Bit 0 - Reflect Wave

• Enables/disables reflected wave correction software, which 
reduces overvoltage transients from the drive to the motor. For 
lead lenghts beyond 300 feet, enable this feature. 

Bit 1 - Enable Jerk

• Enables/disables the jerk limit in the current limiter that helps to 
eliminate overcurrent trips on fast accelerations. Disable this 
feature if your application requires the actual acceleration of the 
motor to be faster than .25 sec.

Bit 2 - Ixo AutoCalc

• Calculates voltage drop due to leakage inductance (see 
parameter 64). 

56 Compensation
Range: See figure 11.4

Default: See figure  11.4

Access: 2 Path:  Motor Control>Torq Attributes 

See also:  

Figure 11.4 – Compensation (56)
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Flux-up curent is the amount of DC current equal to current limit, so 
full flux can be established in the motor before acceleration.

Manual (0): Flux is established for Flux Up Time (58) before 
acceleration

Auto (1): Flux is established for a calculated time period based on 
motor nameplate data.  Flux Up Time (58) is not used.

Sets the amount of time the drive will use to try to achieve full motor 
stator flux. When a start command is issued, DC current at current 
limit level is used to build stator flux before accelerating.

Sets the amount of filtering used to boost voltage during Sensorless 
Vector operation.

57 Flux Up Mode
Range: 0 = Manual

1 = Automatic

Default: 0 = Manual

Access: 2 Path:   Motor Control>Torq Attributes

See also: 53, 58

58 Flux Up Time
Range: 0.00 to 5.00 Sec   [0.01 Sec]

Default: 0.0 Sec

Access: 2 Path:  Motor Control>Torq Attributes

See also: 53, 58

59 SV Boost Filter
Range: 0 to 32767 

Default: 500

Access: 2 Path:  Motor Control>Torq Attributes

See also:
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Provides a manual or automatic method for setting IR Voltage Drop 
(62) and Flux Current Ref (63). These values affect sensorless 
vector performance. Valid only when Torque Perf Mode (53) is set to 
Sensrls Vect or SV Economize.

Ready (0) = Parameter returns to this setting following a Static Tune 
or Rotate Tune. It also permits manually setting IR Voltage Drop 
(62) and Flux Current Ref (63).

Static Tune (1) = A temporary command that initiates a non-
rotational motor stator resistance test for the best possible 
automatic setting of IR Voltage Drop. A start command is required 
following the initiation of this setting. The parameter returns to 
Ready (0) following the test, at which time another start transition is 
required to operate the drive in normal mode. Used when the motor 
cannot be uncoupled from the load.

Rotate Tune (2) = A temporary command that initiates a Static 
Tune followed by a rotational test for the best possible automatic 
setting of Flux Current Ref. A start command is required following 
initiation of this setting. The parameter returns to Ready (0) 
following the test, at which time another start transition is required to 
operate the drive in normal mode. 

Important: Rotate Tune (2) is used when motor is uncoupled from 
the load. Results may not be valid if a load is coupled  
to the motor during this procedure.

Calculate (3) = This setting uses motor nameplate data to 
automatically set IR Voltage Drop and Flux Current Ref.

61 Autotune
Range: 0 = Ready

1 = Static Tune
2 = Rotate Tune
3 = Calculate

 Default: 3 = Calculate

Access: 0 Path:  Motor Control>Torq Attributes

See also: 53, 62, 63

!
ATTENTION: Rotation of the motor in an undesired 
direction can occur during this procedure (Autotune 
(61) = Rotate Tune (2)). To guard against possible 
injury and/or equipment damage, it is recommended 
that the motor be disconnected from the load before 
proceeding.
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Value of volts dropped across the resistance of the motor stator.  
Used only when Torque Perf Mode (53) is set to Sensrls Vect or SV 
Economize. This value can be set by the Autotune procedure.  

Value of amps for full motor flux. Used only when Torque Perf Mode 
(53) is set to Sensrls Vect or SV Economize. This value can be set 
by the Autotune procedure.

Sets the value of the voltage drop due to leakage inductance of the 
motor. Used only when Torque Perf Mode (53) is set to Sensrls Vect 
or SV Economize.

Sets the voltage boost level for starting and acceleration when 
Custom V/Hz mode is selected in Torque Perf Mode (53).

After acceleration has stopped, the output volts per hertz is set by 
the steady state operating curve.

62 IR Voltage Drop
Range: 0.0 to Motor NP Volts x 0.25   [0.1 VAC]

Default: Motor NP Volts x 0.25

Access: 1 Path:  Motor Control>Torq Attributes

See also: 53

63 Flux Current Ref
Range: 0.00 to Motor NP FLA   [0.01 Amps]

Default: Based on Drive Rating

Access: 1 Path:  Motor Control>Torq Attributes

See also: 53

32

64 Ixo Voltage Drop
Range: 0.0 to Motor NP Volts   [0.1 VAC]

Default: Based on Drive Rating

Access: 2 Path:  Motor Control>Torq Attributes

See also:

69 Start/Acc Boost
Range: 0.0 to Motor NP Volts x 0.25   [0.1 VAC]

Default: Motor NP Volts x 0.25

Access: 2 Path:  Motor Control>Volts per Hertz

See also: 53, 70, 83



11-18  SP600 AC Drive User Manual 

 

Sets the boost level for steady state or deceleration when Fan/Pmp 
V/Hz or Custom V/Hz modes are selected in Torque Perf Mode (53).

This boost level applies in the range from zero to break frequency 
(Hz). 

Sets the voltage the drive will output at Break Frequency (72).

Defines the volts per hertz ratio at break frequency. Applies only in 
Fan/Pmp V/Hz or Custom V/Hz modes.

Sets the frequency at which Run Boost volts per hertz adaption 
ends. Applies only in Fan/Pmp V/Hz or Custom V/Hz modes.

 Sets the method of speed regulation.

• Open Loop provides no speed compensation due to load 
variations. This is strict volts per hertz output as a function of the 
speed reference.

70 Run Boost
Range: 0.0 to Motor NP Volts x 0.25   [0.1 VAC]

Default: Motor HP Volts x 0.25

Access: 2 Path:  Motor Control>Volts per Hertz

See also: 53, 69, 83

71 Break Voltage
Range: 0.0 to Motor NP Volts   [0.1 VAC]

Default: Motor NP Volts x 0.25

Access: 2 Path:  Motor Control>Volts per Hertz

See also: 53, 72, 83

72 Break Frequency
Range: 0.0 to 400.0   [0.1 Hz]

Default: Motor NP Freq x 0.25

Access: 2 Path:  Motor Control>Volts per Hertz

See also: 53, 71, 83

80 Speed Mode
Range: 0 = Open Loop

1 = Slip Comp
2 = Process PI

Default: 0 = Open Loop

Access: 2 Path:  Speed Command>Spd Mode & Limits

See also: 124 -138
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• Slip Comp provides for frequency output adjustment as a function 
of load. The amount of compensation is defined by the value of 
Slip RPM @ FLA. 

• Process PI allows for the output motor speed (frequency) to be 
adjusted based on the outer control loop regulator.

Sets the low limit for the speed reference after scaling is applied.

Figure 11.5 – Speed Control Method

+

Spd Cmd

Process PI
Controller

Linear Ramp
& S-Curve

+

+

+

PI Disabled Speed Control

Spd Ref

PI Ref

PI Fbk

Slip Adder
Open
Loop

Slip
Comp

Process
PI

81 Minimum Speed
Range: 0.0 to Maximum Speed   [0.1 Hz]

Default: 0.0 Hz

Access: 0 Path:  Speed Command>Spd Mode & Limits

See also: 83, 92, 95

!
ATTENTION: The drive can operate at and maintain 
zero speed. The user is responsible for assuring safe 
conditions for operating personnel by providing 
suitable guards, audible or visual alarms, or other 
devices to indicate that the drive is operating or may 
operate at or near zero speed. Failure to observe 
this precaution could result in severe bodily injury or 
loss of life.
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Sets the high limit for the speed reference after scaling is applied.

Maximum Speed (82) + Overspeed Limit (83) must be ≤ to Maximum Freq (55).  

Sets the incremental amount of the output frequency (above 
Maximum Speed) allowable for functions such as slip 
compensation. See figure 11.6.

Maximum Speed (82) + Overspeed Limit (83) must be ≤ to Maximum Freq (55). 

82 Maximum Speed
Range: 5.0 to 400.0 Hz   [0.0 Hz]

Default: 50.0 or 60.0 Hz (dependent on voltage class)

Access: 0 Path:  Speed Command>Spd Mode & Limits

See also: 55, 83, 91, 94, 202

!
ATTENTION: The user is responsible for ensuring 
that driven machinery, all drive-train mechanisms, 
and application material are capable of safe 
operation at the maximum operating speed of the 
drive. Overspeed detection in the drive determines 
when the drive shuts down. See figure 11.6. Failure 
to observe this precaution could result in bodily 
injury.

83 Overspeed Limit
Range: 0.0 to 20.0 Hz   [0.1 Hz]

Default: 10.0 Hz

Access: 2 Path:  Speed Command>Spd Mode & Limits

See also: 55, 82

Figure 11.6 – Speed Limits
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Sets the center of a frequency band at which the drive will not 
operate continuously (also called an avoidance frequency). 
Requires that both a Skip Frequency and Skip Frequency Band (87) 
be set to a value other than 0.

Determines the bandwidth around a skip frequency (half the band 
above and half the band below the skip frequency).

Important: The drive is shipped with a default configuration of 
control from the Local OIM (keypad). For drive control 
from the terminal block inputs, Logic Source Sel (89), 
must be set to 0.

• Terminal Blk = Hardwired I/O

• Local OIM = Drive-mounted OIM
• DPI Port 2 = DIN connector DPi port

• DPI Port 3 = DIN port 2 split with option cable
• Network = Communication interface
• All Ports = All control sources active

84
85
86

Skip Frequency 1
Skip Frequency 2
Skip Frequency 3
Range: -/+400.0  [0.1 Hz]

Default: 0.0 Hz

Access: 84=2
85=2
86=2

Path:  Speed Command>Spd Mode & Limits

See also: 87

87 Skip Freq Band
Range: 0.0 to 30.0 Hz   [0.1 Hz]

Default: 0.0 Hz
Access: 2 Path:   Speed Command>Spd Mode & Limits
See also: 84, 85, 86

89 Logic Source Sel
Range: 0 = Terminal Blk

1 = Local OIM
2 = DPI Port 2
3 = DPI Port 3
4 = Reserved
5 = Network
6 = Reserved
7 = All Ports

Default: 1 = Local OIM

Access: 0 Path:   Speed Command>Control Src Select
See also: 90
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Logic Source Sel (89) selects the control source for the following 
logic commands:

The All Ports selection allows all ports to control the logic command 
simultaneously.

Important: Asserting the terminal block input assigned to OIM 
control will override parameter 89.

!
ATTENTION: Changing parameter 89 to Terminal 
Blk or Network while LevelSense Start is enabled 
may start the drive if a start command is on from the 
newly selected logic source.

When LevelSense Start is enabled, the user must 
ensure that automatic start up of the driven equipment 
will not cause injury to operating personnel or damage 
to the driven equipment. In addition, the user is 
responsible for providing suitable audible or visual 
alarms or other devices to indicate that this function is 
enabled and the drive may start at any moment. 
Failure to observe this precaution could result in 
severe bodily injury or loss of life.

ATTENTION: Removing and replacing the LCD OIM 
while the drive is running may cause an abrupt speed 
change if the LCD OIM is the selected reference 
source, but is not the selected control source. The 
drive will ramp to the reference level provided by the 
OIM at the rate specified in Accel Time 1 (140), Accel 
Time 2 (141), Decel Time 1 (142) and Decel Time 2 
(143). Be aware that an abrupt speed change may 
occur depending upon the new reference level and 
the rate specified in these parameters. Failure to 
observe this precaution could result in bodily injury.

• Start • Jog
• Clear Faults • Direction
• Stop • Run

!
ATTENTION: Note the following about stop 
commands:

• A stop command from any attached OIM will always 
be enabled regardless of the value of Logic Source 
Sel.

• Network stop commands are effective only when 
Logic Source Sel is set to Network or All Ports. 

• Terminal block stop commands are effective only 
when Logic Source Sel is set to Terminal Blk or All 
Ports.

Failure to observe these precautions could result in 
severe bodily injury or loss of life.
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.

Selects the source of the speed reference to the drive unless Preset 
Speed 1-7 (101-107) is selected.

Note that the manual reference command and inputs OIM Control 
can override the reference control source.

90 Speed Ref A Sel
Range: 1 = Analog In 1

2 = Analog In 2
3-8 = Reserved
9 = MOP Level
10 = Reserved
11 = Preset Spd 1
12 = Preset Spd 2
13 = Preset Spd 3
14 = Preset Spd 4
15 = Preset Spd 5
16 = Preset Spd 6
17 = Preset Spd 7 
18 = Local OIM
19 = DPI Port 2
20 = DPI Port 3
21 = Reserved
22 = Network
23 = Reserved

Default: 18 = Local OIM

Access: 0 Path:  Speed Command>Speed References
           Speed Command>Control Src Select

See also: 2, 91-92, 101-107, 117-120, 192-194, 213, 272, 273, 
320-327, 361-366

!
ATTENTION: Removing and replacing the LCD OIM 
while the drive is running may cause an abrupt speed 
change if the LCD OIM is the selected reference 
source, but is not the selected control source. The 
drive will ramp to the reference level provided by the 
OIM at the rate specified in Accel Time 1 (140), Accel 
Time 2 (141), Decel Time 1 (142) and Decel Time 2 
(143). Be aware that an abrupt speed change may 
occur depending upon the new reference level and 
the rate specified in these parameters. Failure to 
observe this precaution could result in bodily injury.
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Scales the upper value of the Speed Ref Sel (90) selection when 
the source is an analog input. This value corresponds to the value 
entered in parameter 322 or 324.    

Scales the lower value of the Speed Ref A Sel (90) selection when 
the source is an analog input. This value corresponds to the value 
entered in parameter 323 or 325.    

Specifies the manual speed reference source when a digital input is 
configured for manual selection. See parameters 361 to 366.    

Scales the upper value of the TB Man Ref Sel selection when the 
source is an analog input. This parameter should be set in 
conjunction with parameter 322 or 325, depending on the analog 
input being used. 

91 Speed Ref A Hi
Range: -/+ Maximum Speed   [0.1 Hz]

Default: Maximum Speed

Access: 1 Path: Speed Command>Speed  References

See also: 82, 322, 324

92 Speed Ref A Lo
Range: -/+ Maximum Speed   [0.1 Hz]

Default: 0.0 Hz

Access: 1 Path: Speed Command>Speed  References

See also: 81, 323, 325

96 TB Man Ref Sel
Range: 1 = Analog In 1

2 = Analog In 2
3-8 = Reserved
9 = MOP Level

Default: 2 = Analog In 2

Access: 1 Path: Speed Command>Speed  References

See also: 97, 98

97 TB Man Ref Hi
Range: -/+Maximum Speed   [0.1 Hz]

Default: Maximum Speed

Access: 1 Path: Speed Command>Speed  References

See also: 96, 322, 324
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.

Scales the lower value of the TB Man Ref Sel selection when the 
source is an analog input. This parameter should be set in 
conjunction with parameter 323 or 326, depending on the analog 
input being used.   

Sets the output frequency when a jog command is issued. The jog 
function can be activiated using the OIM or terminal block 
assignments.

Provides an internal fixed speed command value when 
Speed Ref A = Preset Spd 1-7. The preset speed is selected by the 
configuration of the Dig In # speed select functions.    

98 TB Man Ref Lo
Range: -/+Maximum Speed   [0.1 Hz]

Default: 0.0 Hz
Access: 1 Path: Speed Command>Speed  References
See also: 96, 323, 325

100 Jog Speed
Range: 0 to Maximum Speed   [0.1 Hz]

Default: 10.0 Hz
Access: 0 Path: Speed Command>Discrete Speeds

See also:

101
102
103
104
105
106
107

Preset Speed 1
Preset Speed 2
Preset Speed 3
Preset Speed 4
Preset Speed 5
Preset Speed 6
Preset Speed 7
Range: -/+ Maximum Speed   [0.1 Hz]

Default: See table 11.2

Access: 2 Path: Speed Command>Discrete Speeds
See also: 90, 93

Table 11.2 – Default Values for Preset Speeds 1-7

Parameter No. Parameter Name Default
101 Preset Speed 1 5.0 Hz
102 Preset Speed 2 10.0 Hz
103 Preset Speed 3 20.0 Hz
104 Preset Speed 4 30.0 Hz
105 Preset Speed 5 40.0 Hz
106 Preset Speed 6 50.0 Hz
107 Preset Speed 7 60.0 Hz
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Specifies which signal source is being used as a trim input. The trim 
is an input signal which is added to the reference A signal. If an 
analog input is used as the trim signal, two scaling parameters are 
provided.

117 Trim In Select
Range: 1 = Analog In 1

2 = Analog In 2
3-8 = Reserved
9 = MOP Level
10 = Reserved
11 = Preset Spd 1
12 = Preset Spd 2
13 = Preset Spd 3
14 = Preset Spd 4
15 = Preset Spd 5
16 = Preset Spd 6
17 = Preset Spd 7
18 = Local OIM
19 = DPI Port 2
20 = DPI Port 3
21 = Reserved
22 = Network
23 = Reserved

Default: 2 = Analog In 2

Access: 2 Path: Speed Command>Speed Trim

See also: 90, 93

Figure 11.7 – Trim Input Select
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Specifies if Ref A speed reference is to be trimmed.

Scales the upper value of the Trim In Select (117) selection when 
the source is an analog input. This parameter should be set in 
conjunction with parameter 322 or 325.  

Scales the lower value of the Trim In Select (117) selection when 
the source is an analog input. This parameter should be set in 
conjunction with parameter 323 or 326.

118 Trim Out Select
Range: See figure 11.8

Default: See figure 11.8

Access: 2 Path: Speed Command>Speed Trim

See also: 117, 119, 120

Figure 11.8 – Trim Out Select (118)
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119 Trim Hi
Range: -/+ Maximum Speed   [0.1 Hz]

Default: 60.0 Hz

Access: 2 Path: Speed Command>Speed Trim

See also: 82, 117, 322, 324

120 Trim Lo
Range: -/+ Maximum Speed [0.1 Hz]

Default: 0.0 Hz

Access: 2 Path: Speed Command>Speed Trim

See also: 117, 323, 325
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Sets the amount of compensation to drive output at motor FLA. If 
parameter 61 (Autotune) = 3 (Calculate), changes made to this 
parameter will not be accepted.

Important: Parameters in the Slip Comp Group (121-123) are 
used to enable and tune the slip compensation 
regulator. To allow the slip compensation regulator to 
control drive operation, Speed Mode (80) must be set 
to 1 (Slip Comp).

Sets the response time of slip compensation. Increasing the value 
will increase the slip compensation response.   

Displays the present amount of slip adjustment being added to the 
motor command frequency. 

121 Slip RPM @ FLA
Range: 0.0 to 1200.0 RPM

Default: Based on Motor NP RPM

Access: 2 Path: Speed Command>Slip Comp

See also: 61, 80, 122, 123

122 Slip Comp Gain
Range: 1.0 to 100.0   [0.1]

Default: 40.0

Access: 2 Path: Speed Command>Slip Comp

See also: 80, 121, 122

123 Slip RPM Meter
Range: 0.0 to 300.0 RPM

Default: Read Only

Access: 2 Path: Speed Command>Slip Comp

See also: 80, 121, 122
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.

Selects specific features of the PI regulator (see appendix E.)  

Bit 0 - Excl Mode (Exclusive Mode)
• Enabled = Selects speed regulation (PI output used as 

speed command).

• Disabled = Selects trim regulation (PI output summed with 
speed command).

Bit 1 - Invert Error
• Enables/disables the option to invert the sign of the PI error 

signal. Enabling this feature creates a decrease in output for 
an increasing error and an increase in output for a 
decreasing error.

Bit 2 - Preload Mode
• Enabled = Initializes the PI integrator to the commanded 

speed while the PI is disabled.

• Disabled = The PI integrator is loaded with the PI Pre-load  
(133) while the PI is disabled.

Bit 3 - Ramp Ref
• Enables/disables ramping the PI reference using PI 

Feedback as the starting point and ramping to the selected 
PI Reference after PI is enabled. The active accel time is 
used for the PI ramp reference slew rate. The ramping is 
bypassed when the reference equals the setpoint. The ramp 
used is set by the active ramps (parameters 140 to 143).

Bit 4 - Zero Clamp
• Enables/disables option to limit operation so that the output 

frequency at the PI regulator always has the same sign as 
the master speed reference. This limits the possible drive 

124 PI Configuration
Range: See figure 11.9

Default: See figure 11.9

Access: 2 Path: Speed Command>Process PI

See also: 80, 125-138

Figure 11.9 – PI Configuration (124)
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action to one direction only. Output from the drive will be from 
zero to maximum frequency forward or zero to maximum 
frequency reverse. 

Bit 5 - Feedback Sqrt (Square Root Feedback)
• Enables/disables the option of using the square root of the 

feedback signal as the PI feedback. This is used for pressure 
control because fans and pumps vary pressure with the 
square of the speed.

Bit 6 - Stop Mode

• When enabled, and a stop command is issued to the drive, 
the PI loop will continue to operate during the decel ramp.

When disabled, the drive will perform a normal stop.

Bit 7 - Anti Wind Up

• When enabled, the PI loop will automatically prevent the 
integrator from creating an excessive error that could cause 
instability. The integrator will be controlled without the need 
for PI Reset or PI Hold inputs.  

Controls the PI regulator. You can use a Datalink parameter or an 
assigned digital input to write to this parameter.

PI control allows the drive to take a reference signal (setpoint) and 
an actual signal (feedback) and automatically adjust the speed of 
the drive to match the actual signal to the reference. 

Proportional control (P) adjusts the output based on the size of the 
error (larger error = proportionally larger correction).

Integral control (I) adjusts the output based on the duration of the 
error. The integral control by itself is a ramp output correction. This 
type of control gives a smoothing effect to the output and will 
continue to integrate until zero error is achieved. 

By itself, integral control is slower than many applications require, 
and, therefore, is combined with proportional control (PI). 

The purpose of the PI regulator is to regulate a process variable 
such as position, pressure, temperature, or flow rate, by controlling 
speed. 

125 PI Control
Range: See figure 11.10

Default: See figure 11.10

Access: 2 Path: Speed Command>Process PI

See also: 80, 124-138
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There are two ways the PI regulator can be configured to operate 
(see parameter 124):

• Process trim, which takes the output of the PI regulator and sums 
it with a master speed reference to control the process.

• Process control, which takes the output of the PI regulator as the 
speed command. No master speed reference exists, and the PI 
output directly controls the drive output.

Note that Speed Mode (80) must be set to Process PI (2).

Bit 0 - PI Enable
• Enables/disables the operation of the PI loop. 

Bit 1 - PI Hold
• Enabled = The integrator for the outer control loop is held at 

the current level; that is, it will not increase.

• Disabled = The integrator for the outer PI control loop is 
allowed to increase.

Bit 2 - PI Reset
• Enabled = The integrator for the outer PI control loop is reset 

to zero.

• Disabled = The integrator for the outer PI control loop 
integrates normally.

Figure 11.10 – PI Control (125)
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Selects the source of the outer control loop process PI reference 
signal.

Provides an internal register value for the process setpoint when PI 
Reference Sel (126) is set to PI Setpoint.

126 PI Reference Sel
Range: 0 = PI Setpoint

1 = Analog In 1
2 = Analog In 2
3-8 = Reserved
9 = MOP Level
10 = Master Ref
11 = Preset Spd 1
12 = Preset Spd 2
13 = Preset Spd 3
14 = Preset Spd 4
15 = Preset Spd 5
16 = Preset Spd 6
17 = Preset Spd 7
18 = Local OIM
19 = DPI Port 2
20 = DPI Port 3
21 = Reserved
22 = Network
23 = Reserved

Default: 0 = PI Setpoint

Access: 2 Path: Speed Command>Process PI

See also: 80, 124-138

127 PI Setpoint
Range: -/+100.00% of Maximum Process Value   [0.01%]

Default: 50.00%

Access: 2 Path: Speed Command>Process PI

See also: 80, 124-138
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Selects the source of the outer control loop process PI feedback 
signal.

Specifies the time required for the integral component of the PI 
regulator to reach 100% output. The shorter the integral time, the 
faster the integrator will read the process error.

Sets the value for the proportional component of the PI regulator.  
The PI Hold bit of PI Control (125) must equal Enabled (1) for the PI 
regulator to be active.

PI Error x PI Prop Gain = PI Output

128 PI Feedback Sel
Range: 0 = PI Setpoint

1 = Analog In 1
2 = Analog In 2
3-8 = Reserved
9 = MOP Level
10 = Master Ref
11 = Preset Spd 1
12 = Preset Spd 2
13 = Preset Spd 3
14 = Preset Spd 4
15 = Preset Spd 5
16 = Preset Spd 6
17 = Preset Spd 7
18 = Local OIM
19 = DPI Port 2
20 = DPI Port 3
21 = Reserved
22 = Network
23 = Reserved

Default: 2 = Analog In 2

Access: 2 Path: Speed Command>Process PI

See also: 80, 124-138

129 PI Integral Time
Range: 0.00 to 100.00 Sec   [0.01 Sec]

Default: 2.00 Sec

Access: 2 Path: Speed Command>Process PI

See also: 80, 124-138

130 PI Prop Gain
Range: 0.00 to 100.00   [0.01]

Default: 1.00

Access: 2 Path: Speed Command>Process PI

See also: 80, 124-138
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Sets the lower limit of the PI output. This value must be less than 
the value set in PI Upper Limit (132).

Sets the upper limit of the PI output. This value must be greater 
than the value set in PI Lower Limit (131). 

Sets the value used to load into the PI Integrator while the PI 
regulator is disabled. This allows better dynamic performance when 
the regulator is enabled.

131 PI Lower Limit
Range: -/+Maximum Freq [0.1 Hz]

Default: -Maximum Freq

Access: 2 Path: Speed Command>Process PI

See also: 80, 124-138

132 PI Upper Limit
Range: -/+Maximum Freq   [0.1 Hz]

Default: +Maximum Freq

Access: 2 Path: Speed Command>Process PI

See also: 80, 124-138

133 PI Preload
Range: -/+Maximum Freq   [0.1 Hz]

Default: 0.0 Hz

Access: 2 Path: Speed Command>Process PI

See also: 80, 124-138

Figure 11.11 – PI Preload Value
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The present state of the process PI regulator.

See parameter 125 for control of the PI functions.

Bit 0 - PI Enabled
• Indicates whether or not the process PI loop is enabled.

Bit 1 - PI Hold
• Is set to 1 to indicate when a digital input is configured for PI 

Hold and is turned on, or the PI Hold bit is set in PI Control 
(125).

Bit 2 - PI Reset
• Is set to 1 to indicate when the PI Integrator is being reset to 

zero.

Bit 3 - PI InLimit
• Is set to 1 to indicate when the PI output equals positive limit 

or negative limit.

Present value of the process PI reference signal.

134 PI Status
Range: See figure 11.12

Default: Read Only

Access: 2 Path: Speed Command>Process PI

See also: 80, 124-138

Figure 11.12 – PI Status (134)
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135 PI Ref Meter
Range: -/+100.00%   [0.01%]

Default: Read Only

Access: 2 Path: Speed Command>Process PI

See also: 80, 124 - 138
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Present value of the process PI feedback signal.

Present value of the process PI error signal.

Present value of the process PI output signal.

    

 

The Accel Time parameters set the rate at which the drive ramps to 
its output frequency after a start command or during an increase in 
command frequency (speed change). The rate established is the 
result of the following equation:

Maximum Frequency - Minimum Frequency / Accel Time = Accel Rate

Two accel times exist to enable acceleration rate changes “on the 
fly” using a building automation system command, digital input, or 
F-Key, if configured (see Appendix B).

136 PI Fdback Meter
Range: -/+100.00%   [0.01%]

Default: Read Only

Access: 2 Path: Speed Command>Process PI

See also: 80, 124 - 138

137 PI Error Meter
Range: -/+100.00%   [0.01%]

Default: Read Only

Access: 2 Path: Speed Command>Process PI

See also: 80, 124 - 138

138 PI Output Meter
Range: -/+Maximum Freq   [0.1 Hz]

Default: Read Only

Access: 2 Path: Speed Command>Process PI

See also: 80, 124 - 138

PI Output PI Error PI Prop Gain
PI Error

PI Integral Time
---------------------------------------+×≅

140
141

Accel Time 1
Accel Time 2
Range: 0.1 to 3600.0 sec   [0.1 sec]

Default: 10.0 sec

Access: 140=0 
141=2

Path: Dynamic Control>Ramp Rates

See also: 56, 142, 143, 146, 361-366
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Sets the rate of deceleration for all speed decreases.

Max Speed / Decel Time = Decel Rate

Two decel times exist to enable deceleration rate changes “on the 
fly” using a building automation system command, digital input, or 
F-Key, if configured (see Appendix B).

Sets the percentage of acceleration or deceleration time that is 
applied to the ramp as S Curve. Time is entered as a percentage of 
accel or decel time and ramp times are extended, 1/2 at the 
beginning and 1/2 at the end of the ramp.

For example: Accel = 10 sec
                      S-Curve % = 25%

2.5 sec will be added to the accel time, 1.25 sec of rounding at each 
end of the ramp. 

Selects the source for the adjustment of current limit (i.e., 
parameter, analog input, etc.). This parameter allows you to set 
current limit using an external analog signal.

If an analog input is selected (1, 2), Analog Inx Lo = 0% limit (A), 
Analog Inx Hi= 150% limit (A).

142
143

Decel Time 1
Decel Time 2
Range: 0.1 to 3600.0 Sec  [0.1 sec]

Default: 10.0 sec

Access: 142=0
143=2 

Path: Dynamic Control>Ramp Rates

See also: 142, 143, 146, 361-366

146 S Curve %
Range: 0 to 100%    [1%]

Default: 0%

Access: 0 Path: Dynamic Control>Ramp Rates

See also: 140 - 143

147 Current Lmt Sel
Range: 0 = Curr Lim Val

1 = Analog In 1
2 = Analog In 2

Default: 0 = Cur Lim Val

Access: 2 Path: Dynamic Control>Load Limits

See also: 148, 149, 322, 323, 325, 326
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Defines the current limit value when Current Lmt Sel (147)  = Cur 
Lim Val.       

Sets the responsiveness of the current limit.

Selects the drive’s response to increasing drive temperature. The 
drive could reduce current limit, PWM carrier, or both. A fault or 
alarm will be activated if an overload is detected.  

Sets the carrier frequency for the PWM output. Drive derating may 
occur at higher carrier frequencies. For derating information, refer to 
Appendix A.

148 Current Lmt Val
Range: Based on Drive Type   [0.1 Amps]

Default: Based on Drive Type (approx. 150% of Rated Amps)

Access: 0 Path: Dynamic Control>Load Limits

See also: 147, 149

149 Current Lmt Gain
Range: 0 to 5000    [1]

Default: 250

Access: 2 Path: Dynamic Control>Load Limits

See also: 147, 148

150 Drive OL Mode
Range: 0 = Disabled

1 = Reduce CLim
2 = Reduce PWM
3 = Both-PWM 1st

Default: 0 = Disabled

Access: 1 Path: Dynamic Control>Load Limits

See also: 219

151 CarrierFrequency
Range: 2 - 10 kHz    [1 kHz]

Default: 4 kHz

Access: 0 Path: Dynamic Control>Load Limits

See also: 146, 149
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.

Active stop mode. Stop Mode A is active unless Stop Mode B is 
selected by a digital input. This function allows you to switch 
between two stop modes using an external logic input.      

Selects the source for DC Brake Level (158).

You can also select the amount of time that braking will be applied 
and the magnitude of current sed for braking. This mode of braking 
will generate up to 40% of the rated motor torque for braking. It is 
typically used for low inertia loads.

155
156

Stop Mode A
Stop Mode B 
Range: 0 = Coast

1 = Ramp
2 = Ramp to Hold
3 = DC Brake

Default: 155: 1 = Ramp
156: 0 = Coast 

Access: 1 Path: Dynamic Control>Stop/Brake Modes

See also: 157-159, 361-366

!
ATTENTION: The user must provide an external, 
hardwired emergency stop circuit outside of the drive 
circuitry. This circuit must disable the system in case 
of improper operation. Uncontrolled machine 
operation may result if this procedure is not followed. 
Failure to observe this precaution could result in 
bodily injury.

157 DC Brake Lvl Sel
Range: 0 = DC Brake Lvl

1 = Analog In 1
2 = Analog In 2

Default: 0 = DC Brake Lvl

Access: 1 Path: Dynamic Control>Stop/Brake Modes

See also: 155, 156, 158, 159
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Defines the maximum DC brake current in percentage of drive rated 
current.

The DC braking voltage used in this function is created by a PWM 
algorithm and may not generate the smooth holding force needed 
for some applications.

Sets the amount of time DC brake current is “injected” into the 
motor.

Sets the responsiveness of the bus regulator. Adjust the value to 
improve the performance of the bus regulator to prevent nuisance 
overvoltage faults.

158 DC Brake Level
Range: 0 to (Rated Amps x 1.5)   [0.1 Amps]

Default: Rated Amps

Access: 1 Path: Dynamic Control>Stop/Brake Modes

See also: 157-159

!
ATTENTION: If a hazard of injury due to movement 
of equipment or material exists, an auxiliary 
mechanical braking device must be used to stop the 
motor. Failure to observe this precaution could result 
in severe bodily injury or loss of life.
ATTENTION: This feature should not be used with 
synchronous or permanent magnet motors. Motors 
may be demagnetized during braking. Failure to 
observe this precaution could result in damage to, 
or destruction of, equipment.

159 DC Brake Time
Range: 0.0 to 90.0 Sec    [0.1 Sec]

Default: 0.0 Sec

Access: 1 Path: Dynamic Control>Stop/Brake Modes

See also: 155 - 158

160 Bus Reg Ki
Range: 0 to 5000   [1]

Default: 450

Access: 2 Path: Dynamic Control>Stop/Brake Modes

See also: 161, 162
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Sets the method and sequence of the DC bus regulator voltage 
control. Choices are dynamic brake, frequency adjust, or both. 

The user can select separate modes of control for Mode A and 
Mode B through a configured logic input. When Both (3 or 4) is 
selected, the bus controller will attempt to regulate the bus voltage 
using the selected technique first and then swith to the secondary 
method.

If a dynamic brake resistor is connected to the drive, Bus Reg Mode 
A and Bus Reg Mode B must be set to option 2, 3, or 4.
.

161
162

Bus Reg Mode A
Bus Reg Mode B
Range: 0 = Disabled

1 = Adjust Freq
2 = Dynamic Brak
3 = Both - DB 1st
4 = Both - Frq 1st

Default: Mode A: 0 = Disabled
Mode B: 0 = Disabled

Access: 2 Path: Dynamic Control>Stop/Brake Modes

See also: 160, 163, 361-366

!
ATTENTION: The adjust freq portion of the bus regulator 
function is extremely useful for preventing nuisance 
overvoltage faults resulting from aggressive decelerations, 
overhauling loads, and eccentric loads. It forces the output 
frequency to be greater than commanded frequency while 
the drive’s bus voltage is increasing towards levels that 
would otherwise cause a fault. However, it can also cause 
either of the following two conditions to occur:

• Fast positive changes in input voltage (more than a 10% 
increase within 6 minutes) can cause uncommanded 
positive speed changes; however, an OverSpeed Limit fault 
will occur if the speed reaches Max Speed + Overspeed 
Limit. If this condition is unacceptable, action should be 
taken to 1) limit supply voltages within the specification of 
the drive, and 2) limit fast positive input voltage changes to 
less than 10%. Without taking such actions, if this operation 
is unacceptable, the adjust freq portion of the bus regulator 
function must be disabled (see parameters 161 and 162).

• Actual deceleration times can be longer than commanded 
deceleration times; however, a Decel Inhibit fault is 
generated if the drive stops decelerating altogether. If this 
condition is unacceptable, the adjust freq portion of the bus 
regulator must be disabled (see parameters 161 and 162). 
In addition, installing a properly sized dynamic brake 
resistor will provide equal or better performance in most 
cases.

Note that these faults are not instantaneous. Test results have 
shown that it takes between 2 and 12 seconds foir a fault to 
occur.
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Selects whether the internal or an external DB resistor option will be 
used. An internal DB resistor is one that can be mounted inside the 
footprint of the drive. External DB resistors are panel mounted 
separately.

 

Proportional gain for the bus regulator. Used to adjust regulator 
response.

163 DB Resistor Type
Range: 0 = Internal Res

1 = External Res
2 = None

Default: 0 = Internal Res

Access: 1 Path: Dynamic Control>Stop/Brake Modes

See also: 161, 162

!
ATTENTION: AC drives do not offer protection for 
externally mounted brake resistors. A risk of fire 
exists if external braking resistors are not protected. 
External resistor packages must be self-protected 
from overtemperature or the protective circuit shown 
below, or equivalent, must be supplied.

Power On 

R (L1)
S (L2)
T (L3)

Power Source DB Resistor Thermostat

Power Off

M

M

(Input Contactor) M

Three-Phase
AC Input AC Drive

164 Bus Reg Kp
Range: 0 to 10000

Default: 500

Access: 2 Path: Dynamic Control>Stop/Brake Modes

See also:
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Derivative gain for the bus regulator. Used to control regulator 
overshoot.

Enables/disables a feature to issue a start or run command and 
automatically run at the commanded speed when drive input power 
is applied.

Disabled: The drive starts on the open-to-closed transition of the 
control source start input when no start inhibit conditions are 
present (edge-sensitive detection).

Enabled: The drive starts when the control source start input is 
closed, no start inhibit conditions are present, and power is applied 
(level-sensitive detection).

Note that this feature (LevelSense Start) requires a digital input 
configured for run or start and a valid start contact.

165 Bus Reg Kd
Range: 0 to 10000

Default: 1000
Access: 2 Path: Dynamic Control>Stop/Brake Modes

See also:

168 LevelSense Start
Range: 0 = Disabled

1 = Enabled
Default: 0 = Disabled

Access: 2 Path: Dynamic Control>Stop/Restart Modes
See also: 160, 163

!
ATTENTION: Be aware of the following:

• Setting parameter 168 to 1 (Enabled) immediately 
applies output power to the motor when all start 
conditions are met. 

• If the drive is running from the terminal block, 
LevelSense Start is enabled, and a fault occurs, the 
drive coasts to rest and generates a fault. In this 
case, resetting and clearing the fault immediately 
restarts the drive without any change to the start or 
stop input states.

When this function is enabled, the user must ensure 
that automatic start up of the driven equipment will not 
cause injury to operating personnel or damage to the 
driven equipment. In addition, the user is responsible 
for providing suitable audible or visual alarms or other 
devices to indicate that this function is enabled and 
the drive may start at any moment. Failure to observe 
this precaution could result in severe bodily injury or 
loss of life.
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Enables/disables the function which allows the drive to start a 
spinning motor at actual RPM when a start command is issued.

Adjusts the responsiveness of the flying start function. Increasing 
the value in this parameter increases the responsiveness of the 
flying start function.

169 Flying Start En
Range: 0 = Disabled

1 = Enabled

Default: 0 = Disabled

Access: 2 Path: Dynamic Control>Stop/Restart Modes

See also: 170

170 Flying StartGain
Range: 20 to 32767   [1]

Default: 4000

Access: 2 Path: Dynamic Control>Stop/Restart Modes

See also: 169

174 Auto Rstrt Tries
Range: 0 to 9   [1]

Default: 0 (Disabled)

Access: 1 Path: Dynamic Control>Stop/Restart Modes

See also: 175, table 12.6 for auto-resettable faults

!
ATTENTION: Equipment damage and/or personal 
injury may result if parameter 174 is used in an 
inappropriate application. Do not use this function 
without considering applicable local, national, and 
international codes, standards, regulations, or 
industry guidelines.

ATTENTION: The drive may start immediately after 
a fault is auto-reset when LevelSense Start (168) is 
set to Enabled.

When LevelSense Start is enabled, the user must 
ensure that automatic start up of the driven 
equipment will not cause injury to operating personnel 
or damage to the driven equipment. In addition, the 
user is responsible for providing suitable audible or 
visual alarms or other devices to indicate that this 
function is enabled and the drive may start at any 
moment. Failure to observe this precaution could 
result in severe bodily injury or loss of life.
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Important: The drive will re-start after a reset if the start input is 
still asserted.

Specifies the maximum number of times the drive attempts to reset 
a fault and restart when the auto restart feature is enabled. 

The auto restart feature provides the ability for the drive to 
automatically perform a fault reset followed by a start attempt 
without user or application intervention. Only certain faults are 
permitted to be reset, see chapter 12 for more information.

When the auto restart feature is enabled (that is, Auto Rstrt Tries is 
set to a value greater than zero), and an auto-resettable fault 
occurs, the drive will stop. After the number of seconds in Auto 
Restrt Delay (175) has elapsed, the drive will automatically reset the 
faulted condition. The drive will then issue an internal start 
command to start the drive.

If another auto-resettable fault occurs, the cycle will repeat up to the 
number of attempts specified in Auto Rstrt Tries. 

If the drive faults repeatedly for more than the number of attempts 
specified in Auto Rstrt Tries with less than five minutes between 
each fault, the drive will remain in the faulted state. The fault Auto 
Rstrt Tries will be logged in the fault queue.

The auto restart feature is disabled when the drive is stopping and 
during autotuning.  Note that a DC Hold state is considered 
stopping.

The following conditions will abort the reset/run process:

• Issuing a stop command from any control source. (Note that 
removal of a 2-wire run-fwd or run-rev command is considered a 
stop command.)

• Issuing a fault reset command from any active source.

• Removing the enable input signal.

• Setting Auto Restrt Tries to zero.

• Occurrence of a fault that is not auto-resettable.

• Removing power from the drive.

• Exhausting an auto-reset/run cycle.
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Sets the time between restart attempts when the auto restart 
feature is enabled. Refer to Auto Rstrt Tries (174) for more 
information about the auto restart feature.

Enables the Sleep-Wake function.

Important: When this function is enabled, the following conditions 
must be met:
• A proper minimum value must be set for Sleep Level
   (182). 
• At least one of the following must be programmed in 
   Digital Inx Sel (361 to 366): Enable,
   Stop=CF, Run, Run Forward, Run Reverse.

175 Auto Rstrt Delay
Range: 0.5 to 30.0 Sec    [0.1 Sec]

Default: 1.0 Sec
Access: 1 Path: Dynamic Control>Stop/Restart Modes
See also: 174

178 Sleep-Wake Mode
Range: 0 = Disabled

1 = Direct

Default: 0 = Disabled
Access: 2 Path: Dynamic Control>Restart Modes
See also:

!
ATTENTION: Enabling the Sleep-Wake function 
can cause unexpected machine motion during the 
Wake mode. Do not use this function without 
considering the information in the table below. 
Failure to observe this procaution could result in 
personal injury ot damage to equipment. 

Table 11.3 – Sleep-Wake Mode

Start Requirements When Sleep-Wake Mode is Enabled

Configured 
Digital 
inputs

At Power Up After Fault Reset After Stop

Stop-CF
(OIM or TB)

Clear Faults
(TB or VS Utilities)

OIM, TB, or 
Network Stop

Stop Stop Closed
Wake Signal

Stop Closed
Wake Signal
Start/Run Signal

Stop Closed
Wake Signal

Stop Closed
Wake Signal
Start/Run Signal

Enable Enable Closed
Wake Signal

Enable Closed
Wake Signal
Start/Run Signal

Enable Closed
Wake Signal

Enable Closed
Wake Signal
Start/Run Signal

Run
Run Forward
Run Reverse

Wake Signal
Run Closed

Wake Signal
Run Signal

Wake Signal
Run Closed

Wake Signal
Run Signal
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Sleep-Wake Operation

The basic operation of this function is to start (wake) the drive when 
an analog signal is greater than or equal to a user-specified wake 
level and stop the drive when an analog signal is less than or equal 
to a user-specified sleep level.

Assuming all drive permissive conditions are met, the drive will start 
when Sleep-Wake Mode (178) is enabled (= Direct) and the 
absolute value of the Sleep-Wake Ref (179) is greater than the 
programmed Wake Level (180) for longer than the programmed 
Wake Time (181).  

The drive will stop when the absolute value of the Sleep-Wake Ref 
(179) is less than the programmed Sleep Level (182) for longer than 
the programmed Sleep Time (183). 

While the drive is measuring the time above Wake Level (180), it will 
indicate a "Waking" alarm. If Sleep-Wake Ref (179) goes above 
Sleep Level (182) or below Wake Level (180) the corresponding 
timer is reset (Wake timer and Sleep timer, respectively).

While the drive is "awake", all other active stop commands will be 
honored immediately (i.e. no Sleep timer). However, after a stop is 
commanded, a new start command while Sleep-Wake Ref (179) is 
above Sleep Level (182) will be required to reset the sleep-wake 
controller. Similarly, while the drive is “asleep”, the selected logic 
control source can still start the drive. In this case, the sleep-wake 
controller must also be reset (stop, then restart with analog input 
above sleep level). 

If Logic Source Sel (089) is set to All Ports, the drive can only be 
started when Sleep-Wake Ref (179) is greater than Sleep Level 
(182). Here the sleep-wake controller remains active and does not 
need to be reset. If no Start signal has been configured to reset the 
sleep-wake controller, drive power can be cycled to provide the 
reset function.

Sleep Level (182) and Wake Level (180) are adjustable while the 
drive is "awake". If these levels are set incorrectly, the "Sleep 
Config" alarm is set. If the current configuration is not corrected, the 
drive will stop after the programmed Sleep Time (183).

Even though the Sleep-Wake feature is enabled, the operation of 
other start modes is unchanged (e.g. if Level Sense Start is set to  
Enabled, Logic Source Select is set to All Ports, and a start 
command is asserted, the drive will start immediately after Sleep-
Wake Ref (179) reaches the sleep level).

The Sleep-Wake feature can be overridden in additional ways:

• The OIM Control digital input allows an attached OIM to start the 
drive by overriding the Sleep-Wake Sleep signal (i.e. the analog 
input is below the Sleep level).  Once overridden by the OIM, the 
Sleep-Wake analog input will no longer be able to start or stop the 
drive until it is restarted while the analog input is above the Sleep 
level.
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• Jog (from an active logic source only) will override Sleep-Wake.  
While Jog is active, the Sleep-Wake analog input will not be able 
to Start or Stop the drive.

 

Selects the source of the analog input controlling the Sleep-Wake 
function.  

Defines the analog input signal level that will start the drive. 

Defines the amount of time at or above Wake Level before a start 
command is issued.  

Defines the analog input signal level that will stop the drive.

179 Sleep-Wake Ref
Range: 1 = Analog In 1

2 = Analog In 2

Default: 2 = Analog In 2

Access: 2 Path: Dynamic Control>Restart Modes

See also: 178 - 183

180 Wake Level
Range: Sleep Level to 20.000 mA, 10.000 V  

[0.001 mA, 0.001 V, based on Anlg In Config [320]]

Default: 6.000 mA, 6.000 V

Access: 2 Path: Dynamic Control>Restart Modes

See also: 178 - 183

181 Wake Time
Range: 0.0 to 30.0 sec  [0.1 sec]

Default: 1.0 sec

Access: 2 Path: Dynamic Control>Restart Modes

See also: 178 - 183

182 Sleep Level
Range: 4.000 mA, 0.000 V to Wake Level 

[0.001 mA or 0.001 V, based on Anlg In Config [320]]

Default: 5.000 mA, 5.000 V

Access: 2 Path: Dynamic Control>Restart Modes

See also: 178 - 183
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Defines the amount of time at or below Sleep Level before a stop 
command is issued.  

Sets the reaction to a loss of input power. Power loss is recognized 
when:

DC bus voltage is ≤ 73% of DC Bus Memory and Power Loss Mode 
is set to Coast.

DC bus voltage is ≤ 82% of DC Bus Memory and Power Loss Mode 
is set to Decel.

Sets the time that the drive will remain in power loss mode before a 
fault is issued.

Sets the level at which the Power Loss Mode (184) selection will 
occur.

183 Sleep Time
Range: 0.0 to 30.0 sec  [0.1 sec]

Default: 1.0 sec

Access: 2 Path: Dynamic Control>Restart Modes

See also: 178 - 182

184 Power Loss Mode
Range: 0 = Coast

1 = Decel
2 = Continue
3 = Coast input
4 = Decel input

Default: 0 = Coast

Access: 1 Path: Dynamic Control>Stop/Power Loss

See also: 184

185 Power Loss Time
Range: 0.0 to 60.0 Sec  [0.1 Sec]

Default: 0.5 Sec

Access: 1 Path: Dynamic Control>Stop/Power Loss

See also: 184

186 Power Loss Level
Range: 0.0 to 999.9 V   [0.1 V]

Default: 0.0 V

Access: 2 Path: Dynamic Control>Power Loss

See also: 184
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Selects the method for control of drive direction.

Unipolar = Drive receives unsigned reference signal and a 
separate direction command (from a logic source such as digital 
inputs or a DPI port). 

Bipolar = Drive receives signed reference. 

Reverse Disable = Drive receives signed reference; however, 
regardless of the reference, the drive is not permitted to reverse.

Enables a feature to save the present frequency reference value 
issued by the OIM to drive memory on power loss. Value is restored 
to the OIM on power up.

190 Direction Mode
Range: 0 = Unipolar

1 = Bipolar
2 = Reverse Dis

Default: 0 = Unipolar

Access: 0 Path: Utility>Direction Config

See also: 320 - 327, 361 - 366

!
ATTENTION: Setting parameter 190 to 0 or 1 may 
cause unwanted motor direction. Verify driven 
machinery cannot be damaged by reverse rotation 
before changing the setting of this parameter to 0 or 
1. Failure to observe this precaution could result in 
damage to, or destruction of, equipment.

192 Save OIM Ref
Range: See figure 11.13

Default: See figure 11.13

Access: 2 Path: Utility>OIM Ref Config

See also:

Figure 11.13 – Save OIM Ref (192)
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Enables/disables a feature to automatically load the present auto 
frequency reference value into the OIM when Manual is selected. 
Allows smooth speed transition from Auto to Manual mode. You can 
adjust the manual speed setpoint from the OIM.      

Enables/disables the feature that saves the present MOP (motor-
operated potentiometer) frequency reference at power down or at 
stop.

Sets the rate of change of the MOP reference in response to a MOP 
inputs.

193 Man Ref Preload
Range: 0 = Disabled

1 = Enabled

Default: 1 = Enabled

Access: 2 Path: Utility>OIM Ref Config

See also: 320 - 327, 361 - 366

194 Save MOP Ref
Range: See figure 11.14

Default: At Pwrdown

Access: 2 Path: Utility>MOP Config

See also:  

Figure 11.14 – Save MOP Ref (194) 
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195 MOP Rate
Range: 0.2 to Maximum Freq    [0.1 Hz/sec]

Default: 1.0 Hz/sec

Access: 2 Path: Utility>MOP Config

See also:  
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Displays the present parameter access level. Refer to chapter 10 
for more information about parameter access levels.

Resets all parameter values to defaults. Option 1 resets the drive to 
factory settings. Options 2 and 3 resets the drive to alternate 
voltage and current rating.

Important: On frame 5 drives, the internal fan voltage may have 
to be changed when using options 2 or 3. See section 
3.1.1.4.

Low Voltage = 400 V class defaults.
HIgh Voltage = 480 V class defaults.

Loads a previously saved set of parameter values from a selected 
user set location in drive non-volatile memory to active drive 
memory.

An F-Key on the LCD OIM can be configured for this function.  
Refer to Appendix B.

196 Param Access Lvl
Range: 0 = Basic

1 = Standard
2 = Advanced

Default: Read Only

Access:  0 Path: Utility>Drive Memory

See also:  

197 Reset To Defalts
Range: 0 = Ready

1 = Factory
2 = Low Voltage
3 = High Voltage

Default: 0 = Ready

Access: 0 Path: Utility>Drive Memory

See also:  

198 Load Frm Usr Set
Range: 0 = Ready

1 = User Set 1
2 = User Set 2
3 = User Set 3

Default: 0 = Ready

Access: 1 Path: Utility>Drive Memory

See also:  199
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Saves the parameter values in active drive memory to a user set in 
drive non-volatile memory.

An F-Key on the LCD OIM can be configured for this function. Refer 
to Appendix B.

Resets selected meters to zero.

Selects the display language when using an LCD OIM.

199 Save To User Set
Range: 0 = Ready

1 = User Set 1
2 = User Set 2
3 = User Set 3

Default: 0 = Ready

Access: 1 Path: Utility>Drive Memory

See also:  198

200 Reset Meters
Range: 0 = Ready

1 = MWh
2 = Elapsed Time

Default: 0 = Ready

Access: 1 Path: Utility>Drive Memory

See also:  

201 Language
Range: 0 = Not Selected

1 = English
2 = French
3 = Spanish
4 = Italian
5 = German
6 = Reserved
7 = Portuguese

Default: 0 = Not Selected

Access: 2 Path: Utility>Drive Memory

See also:  
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Resets selected parameters that change the drive voltage rating, 
current rating, scaling, and motor data. Maximum Frequency (55) 
will be affected by changing this parameter.

Important: On frame 5 drives, the internal fan voltage may have 
to be changed when using options 2 or 3. See section 
3.1.1.4.  

Provides a checksum value that indicates whether or not a change 
in drive programming has occurred (data values only).

202 Voltage Class
Range: 2 = Low Voltage (400 V)

3 = High Voltage (480 V)

Default: Based on Drive Type

Access: 2 Path: Utility>Drive Memory

See also: 55

203 Drive Checksum
Range: 0 to 65535 [1]

Default: Read Only

Access: 2 Path: Utility>Drive Memory

See also:  
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Present operating status of the drive.

209 Drive Status 1
Range: See figure 11.15

Default: Read Only

Access: 2 Path: Utility>Diagnostics

See also: 210

Figure 11.15 – Drive Status 1 (209)
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Bits (2)

Description
Bits (1)

Description15 14 13 12 11 10 9

0
0
0
0
0
0
0
0
1
1
1
1
1
1
1

0
0
0
0
1
1
1
1
0
0
0
0
1
1
1

0
0
1
1
0
0
1
1
0
0
1
1
0
0
1

0
1
0
1
0
1
0
1
0
1
0
1
0
1
0

Ref A Auto
Preset 1 Auto
Preset 2 Auto
Preset 3 Auto
Preset 4 Auto
Preset 5 Auto
Preset 6 Auto
Preset 7 Auto
TB Manual
Port 1 Manual
Port 2 Manual
Port 3 Manual
Port 4 Manual
Port 5 Manual
Port 6 Manual

0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1

Port 0 (TB)
Port 1
Port 2
Port 3
Port 4
Port 5
Port 6
No Local 
Control

Bit Function Description

0 Ready Drive ready; no faults or inhibits.

1 Active Drive outputting voltage.

2 Commanded Dir

3 Active Dir Motor direction = setpoint direction.

4 Accelerating Motor accelerating.

5 Decelerating Motor decelerating.

6 Alarm Alarm active.

7 Faulted Drive faulted.

8 At Speed Output frequency = Setpoint frequency.
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Present operating condition of the drive.

  

210 Drive Status 2
Range: See figure 11.16

Default: Read Only

Access: 2 Path: Utility>Diagnostics

See also: 209

Figure 11.16 – Drive Status 2 (210)
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Bit Name Description

0 Ready No start inhibits are active.

1 Active Drive is generating output voltage to the motor.

2 Running Drive is generating output voltage to the motor, 
run has been selected.

3 Jogging Drive is in jog mode.

4 Stopping Drive is stopping.

5 DC Braking DC braking is active.

6 Auto Tuning Tuning function is active.

8 AutoRst Ctdn: Auto Restart Countdown. Refer to parameter 174.

9  AutoRst Ac: Auto Restart Active.  Refer to parameter 174.

10 Curr Limit: Drive is in current limit.

11 Bus Freq Reg: Drive is regulating bus frequency.

12 Motor Overld: Motor overload is active.

13 DPI @ 500 K DPI communications is operating at 500 kbaud 
(1), 125 kbaud (0)
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Indicates Type 1 alarm conditions that currently exist in the drive. 
Note that for alarm conditions not configured in Alarm Config 1 
(259), the status indicated will be a zero.

Refer to chapter 12, Troubleshooting the Drive, for more information 
about alarms.

Indicates Type 2 alarm conditions that currently exist in the drive. 
Refer to chapter 12, Troubleshooting the Drive, for more information 
about alarms.

211 Drive Alarm 1
Range: See figure 11.17

Default: Read Only

Access: 1 Path: Utility>Diagnostics
          Utility>Alarms

See also:  212, 259

Figure 11.17 – Drive Alarm 1 (211)
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212 Drive Alarm 2
Range: See figure 11.18

Default: Read Only

Access: 1 Path: Utility>Diagnostics
          Utility>Alarms

See also: 211

Figure 11.18 – Drive Alarm 2 (212)
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Displays the source of the speed reference of the drive.

Displays the source input currently preventing the drive from 
starting.

213 Speed Ref Source
Range: 0 = PI Output

1 = Analog In 1
2 = Analog In 2
3-8 = Reserved
9 = MOP Level
10 = Jog Speed
11 = Preset Spd 1
12 = Preset Spd 2
13 = Preset Spd 3
14 = Preset Spd 4
15 = Preset Spd 5
16 = Preset Spd 6
17 = Preset Spd 7 
18 = Local OIM
19 = DPI Port 2
20 = DPI Port 3
21 = Reserved
22 = Network
23 = Reserved

Default: Read Only

Access: 2 Path: Utility>Diagnostics

See also:  90, 93, 96, 101

214 Start Inhibits
Range: See figure 11.19

Default: Read Only

Access: 2 Path: Utility>Diagnostics

See also:  

Figure 11.19 – Start Inhibits (214)
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Displays the source that initiated the most recent stop command. It 
will be cleared (set to 0) during the next start sequence.

Current state of the digital inputs on the terminal block.

215 Last Stop Source
Range: 0 = Pwr Removed

1 = Local OIM
2 = DPI Port 2
3 = DPI Port 3
4 = Reserved
5 = Network
6 = Reserved
7 = Digital In
8 = Fault
9 = Not Enabled
10 = Sleep
11 = Jog

Default: Read Only

Access: 2 Path: Utility>Diagnostics

See also:  

216 Dig In Status
Range: See figure 11.20

Default: Read Only

Access: 2 Path: Utility>Diagnostics
          Inputs & Outputs>Digital Inputs

See also: 361-366

Figure 11.20 – Dig In Status (216)
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Current state of the digital outputs.

Present operating temperature of the drive power section.

Accumulated percentage of drive overload. Continuously operating 
the drive over 100% of its rating will increase this value to 100% and 
cause a drive fault.

217 Dig Out Status
Range: See figure 11.21

Default: Read Only

Access: 2 Path: Utility>Diagnostics
          Inputs & Outputs>Digital Outputs

See also: 380-384

Figure 11.21 – Dig Out Status (217)
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218 Drive Temp
Range: -/+100 degC   [0.1 degC]

Default: Read Only

Access: 2 Path: Utility>Diagnostics

See also:  

219 Drive OL Count
Range: 0.0 to 100.0% [0.1%]

Default: Read Only

Access: 2 Path: Utility>Diagnostics

See also: 150
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Accumulated percentage of motor overload. Continuously operating 
the motor over 100% of the motor overload setting will increase this 
value to 100% and cause a drive fault.

Captures and displays the output frequency of the drive at the time 
of the last fault.

Captures and displays motor amps at the time of the last fault.

Captures and displays the DC bus voltage of the drive at the time of 
the last fault.

220 Motor OL Count
Range: 0.0 to 100.0 % [1.0%]

Default: Read Only

Access: 2 Path: Utility>Diagnostics

See also: 47, 48

224 Fault Frequency
Range: 0.0 to +/-400.0 Hz [0.1 Hz]

Default: Read Only

Access: 2 Path: Utility>Diagnostics

See also: 225-230

225 Fault Amps
Range: 0.0 to Rated Amps x 2 [0.1 Amps]

Default: Read Only

Access: 2 Path: Utility>Diagnostics

See also: 224-230

226 Fault Bus Volts
Range: 0.0 to Max Bus Volts [0.1 VDC]

Default: Read Only

Access: 2 Path: Utility>Diagnostics

See also: 224-230
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Captures and displays Drive Status bit pattern at the time of the last 
fault.

See parameter 209 for bit descriptions.

Captures and displays Drive Status bit pattern at the time of last 
fault.

See parameter 210 for bit descriptions.

227 Status 1 @ Fault
Range: See figure 11.22

Default: Read Only

Access: 2 Path: Utility>Diagnostics

See also: 209, 224-230

Figure 11.22 – Status 1 @ Fault (227)
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228 Status 2 @ Fault
Range: See figure 11.23

Default: Read Only

Access: 2 Path: Utility>Diagnostics

See also: 210, 224-230

Figure 11.23 – Status 2 @ Fault (228)
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Captures and displays Drive Alarm status at the time of the last 
fault.

See parameter 211 for bit descriptions.  

Captures and displays Drive Alarm status bit pattern at the time of 
last fault.

See parameter 212 for bit descriptions.

229 Alarm 1 @ Fault
Range: See figure 11.24

Default: Read Only

Access: 1 Path: Utility>Diagnostics

See also: 211, 224-230

Figure 11.24 – Alarm 1 @ Fault (229)
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230 Alarm 2 @ Fault
Range: See figure 11.25

Default: Read Only

Access: 1 Path: Utility>Diagnostics

See also: 211, 221-230

Figure 11.25 – Alarm 2 @ Fault (230)
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Selects the function whose value is displayed in Testpoint 1 Data 
(235). These are internal values that are not accessible through 
parameters.

Factory diagnostic function.

The present value of the function selected in Testpoint 1 Sel (234). 

Factory diagnostic function.    

Selects the function whose value is displayed in Testpoint 2 Data 
(237). These are internal values that are not accessible through 
parameters.

Factory diagnostic function.

The present value of the function selected in Testpoint 2 Sel (236).

Factory diagnostic function.

234 Testpoint 1 Sel
Range: 0 to 65535   [1]

Default: 499

Access: 2 Path: Utility>Diagnostics

See also: 235

235 Testpoint 1 Data
Range: 0 to 4,294,697,295    [1]

Default: 0

Access: 2 Path: Utility>Diagnostics

See also: 234 

236 Testpoint 2 Sel
Range: 0 to 65535   [1]

Default: 499

Access: 2 Path: Utility>Diagnostics

See also: 237

237 Testpoint 2 Data
Range: 0 to 4,294,967,295   [1]

Default: 0

Access: 2 Path: Utility>Diagnostics

See also: 236
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Enables/disables annunciation of the faults shown in figure 11.26.

Resets a fault and clears the fault queue.

Enables/disables a fault reset (clear faults) attempt from any 
source. This does not apply to fault codes stored in the fault queue, 
which are cleared indirectly via other actions.

238 Fault Config 1
Range: See figure 11.26

Default: See figure 11.26

Access: 2 Path: Utility>Faults

See also:  

Figure 11.26 – Fault Config 1 (238)
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240 Fault Clear
Range: 0 = Ready

1 = Clear Faults
2 = Clr Flt Que

Default: 0 = Ready

Access: 2 Path: Utility>Faults

See also:  241

241 Fault Clear Mode
Range: 0 = Disabled

1 = Enabled

Default: 1 = Enabled

Access: 2 Path: Utility>Faults

See also:  240
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Elapsed hours since drive power up. This value will rollover to 0 
after the drive has been powered on for more than the maximum 
value shown. 

Selects conditions that will initiate a drive alarm. 

Refer to chapter 12, Troubleshooting the Drive, for alarm definitions.

242 Power Up Marker
Range: 0.0000 to 4,294,967.2925 Hr   [0.0001 Hr]

Default: Read Only

Access: 2 Path: Utility>Faults

See also:  244, 246, 248, 250

32

259 Alarm Config 1
Range: See figure 11.27

Default: See figure 11.27

Access: 2 Path: Utility>Alarms

See also:  

Figure 11.27 – Alarm Config 1 (259)
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The output of the logic function control block resulting from the 
combination of all port requests and masking functions. Each bit or 
set of bits represent a command to the drive.    

Present frequency reference scaled as a DPI reference for peer-to-
peer communications. The value shown is the output prior to the 
accel/decel ramp and any corrections supplied by slip comp, PI, etc.

271 Drive Logic Rslt
Range: See figure 11.28

Default: Read Only

Access: 2 Path: Communication>Comm Control

See also:  

Figure 11.28 – Drive Logic Rslt (271)
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Bits(1)

Description14 13 12
0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1

No Command - Man. Mode
Ref A Auto
Preset 2 Auto
Preset 3 Auto
Preset 4 Auto
Preset 5 Auto
Preset 6 Auto
Preset 7 Auto

272 Drive Ref Rslt
Range: 0 to 32767 [1]

Default: Read Only

Access: 2 Path: Communication>Comm Control

See also:  
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Present frequency reference scaled as a DPI reference for peer-to-
peer communications. The value shown is the value after the accel/
decel ramp but prior to any corrections supplied by slip comp, PI, 
etc.

Disables manual mode activation from the port corresponding to bit 
number.

Example:

Bit 0 = 0     Terminal block disabled
Bit 1 = 1      Local OIM enabled

In this example, manual mode can be selected by the OIM but not 
by terminal block inputs.

273 Drive Ramp Rslt
Range: 0 to 32767   [1]

Default: Read Only

Access: 2 Path: Communication>Comm Control

See also:  

286 Manual Mask
Range: See figure 11.29

Default: 0x2F

Access: 2 Path: Communication>Masks & Owners

See also:

Figure 11.29 – Manual Mask (286)
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Inputs that are presently issuing a valid stop command.

Indicates the source providing manual control and reference.

288 Stop Owner
Range: See figure 11.30

Default: Read Only

Access: 2 Path: Communication>Masks & Owners

See also: 276 - 285

Figure 11.30 – Stop Owner
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Source Location
Terminal Block Logic I/O

DPI Port 1 Local OIM
DPI Port 2 DIN port at base of drive
DPI Port 3 Split DIN port

DPI Port 5 (Network) Network option

298 Manual Owner
Range: See figure 11.31

Default: Read Only

Access: 2 Path: Communication>Masks & Owners

See also:

Figure 11.31 – Manual Owner
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Parameter number whose value will be written from a network 
communications device data table.

Parameters that can only be changed while the drive is stopped 
cannot be used as Datalink inputs. Entering a parameter of this type 
will disable the link.

Refer to the appropriate communications option board manual for 
Datalink information.

Parameter number whose value will be written from a 
communications device data table.

Parameters that can only be changed while the drive is stopped 
cannot be used as Datalink inputs. Entering a parameter of this type 
will disable the link.

Refer to the appropriate communications option board manual for 
Datalink information.

300
301

Data In A1 - Link A Word 1
Data In A2 - Link A Word 2

Range: 0 to 387   [1]

Default: 0 (Disabled)

Access: 2 Path: Communication>Datalinks

See also:

Network
Network
Card Data

P#

SP600

Data In
(parameter #)

Data Received by Drive from Network

302
303

Data In B1 - Link B Word 1
Data In B2 - Link B Word 2
Range: 0 to 387   [1]

Default: 0 (Disabled)

Access: 2 Path: Communication>Datalinks

See also:



Parameter Descriptions 11-71

.

Parameter number whose value will be written from a network 
communications device data table.

Parameters that can only be changed while the drive is stopped 
cannot be used as Datalink inputs. Entering a parameter of this type 
will disable the link.

Refer to the appropriate communications option board manual for 
Datalink information.

Parameter number whose value will be written from a network 
communications device data table.

Parameters that can only be changed while the drive is stopped 
cannot be used as Datalink inputs. Entering a parameter of this type 
will disable the link.

Refer to the appropriate communications option board manual for 
Datalink information.

Parameter number whose value will be written to a communications 
device data table.

304
305

Data In C1 - Link C Word 1
Data In C2 - Link C Word 2

Range: 0 to 387   [1]

Default: 0 (Disabled)

Access: 2 Path: Communication>Datalinks

See also:

306
307

Data In D1 - Link D Word 1
Data In D2 - Link D Word 2
Range: 0 to 387   [1]

Default: 0 (Disabled)

Access: 2 Path: Communication>Datalinks

See also:

310
311

Data Out A1- Link A Word 1
Data Out A2 - Link A Word 2
Range: 0 to 387   [1]

Default: 0 (Disabled)

Access: 2 Path: Communication>Datalinks

See also:
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Parameter number whose value will be written to a network 
communications device data table.

Parameter number whose value will be written to a network 
communications device data table.

Parameter number whose value will be written to a network 
communications device data table.

312
313

Data Out B1- Link B Word 1
Data Out B2 - Link B Word 2

Range: 0 to 387   [1]

Default: 0 (Disabled)

Access: 2 Path: Communication>Datalinks

See also:

Network
Data

Network
Card

Data

P#

SP600

Data Out
(parameter #)

Data Sent by Drive to Network

314
315

Data Out C1- Link C Word 1
Data Out C2 - Link C Word 2
Range: 0 to 387   [1]

Default: 0 (Disabled)

Access: 2 Path: Communication>Datalinks

See also:

316
317

Data Out D1- Link D Word 1
Data Out D2 - Link D Word 2
Range: 0 to 387   [1]

Default: 0 (Disabled)

Access: 2 Path: Communication>Datalinks

See also:

320 Anlg In Config
Range: See figure 11.32
Default: See figure 11.32
Access: 0 Path: Inputs & Outputs>Analog Inputs
See also: 322, 323, 325, 326
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Selects the type of input signal being used for analog input 1 and 2. 
These inputs can be configured as 0 to 10 VDC or 4 to 20 mA 
inputs.

Enables/disables the square root function for each analog input.

This function should be enabled if the input signal being monitored 
varies with the square of the quantity. The square root function is 
scaled such that the input range is the same as the output range. 
For example, if the input is set up as a unipolar voltage input, then 
the input and output ranges of the square root function will be 0 to 
10 volts.

Figure 11.32 – Anlg In Config (320)
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321 Anlg In Sqr Root
Range: See figure 11.33
Default: See figure 11.33
Access: 2 Path: Inputs & Outputs>Analog Inputs
See also:

Figure 11.33 – Anlg In Sqr Root (321)
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The drive scales the value read from the analog input and converts 
it to units usable for the application. The user controls the scaling by 
setting parameters that associate a low and high point in the input 
range with a low and high point in the target range. 

Analog In 1 Hi sets the highest input value to the analog input 1 
scaling block.

Sets the lowest input value to the analog input 1 scaling block. 
Refer to Analog In 1 Hi (322) for more information.

322 Analog In 1 Hi
Range: 4.000 to 20.000 mA   [0.001 mA]

-/+10.0 V   [0.1 V]
0.0 to 10.0 V   [0.1 V]

Default: 20.000 mA

Access: 0 Path: Inputs & Outputs>Analog Inputs
See also: 91, 92

Analog Input Scaling Example

Speed Ref A Sel = Analog In 1

Ref. Lo (92) = 10 Hz

Ref. Hi (91) = 60 Hz

Analog In 1 Lo (323) = 0.0 V

Analog In 1 Hi (322) = 10.0 V

This is the default setting, where minimum input (0 V) represents 
Ref. Lo and maximum input (10 V) represents Ref. Hi.

0 10 V
Vin

Analog In HiAnalog In Lo

Ref Lo
10 Hz

Ref Hi
60 Hz

323 Analog In 1 Lo
Range: 4.000 to 20.000 mA   [0.001 mA]

-/+10.0 V   [0.1 V]
0.0 to 10.0 V  [0.1 V]

Default: 4.000 mA

Access: 0 Path: Inputs & Outputs>Analog Inputs
See also: 91, 92
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Selects drive response when an analog signal loss is detected. 
(1.6V = signal loss, 1.9V = end of signal loss; 3.2 mA = signal loss, 
3.8 mA = end of signal loss.)

One of the selections (1=Fault) stops the drive on signal loss. All 
other choices make it possible for the input signal to return to a 
usable level while the drive is still running.

Important: Note that there is no signal loss detection while the 
input is in bipolar voltage mode.

 

Sets the highest input value to the analog input 2 scaling block. See 
parameter 322 for an example.

324 Analog In 1 Loss
Range: 0 = Disabled

1 = Fault
2 = Hold Input (use last frequency command)
3 = Set Input Lo (use Minimum Speed as frequency           
      command)
4 = Set Input Hi (use Maximum Speed as frequency
      command)
5 = Goto Preset1 (use Preset 1 as frequency 
      command)
6 = Hold OutFreq (maintain last output frequency)

Default: 0 = Disabled

Access: 2 Path: Inputs & Outputs>Analog Inputs

See also: 91, 92

!
ATTENTION: Setting parameter 324 to a value 
other than 1 allows the drive to continue running or 
resume running if a signal loss occurs. If a lost 
analog signal is restored while the drive is running, 
the drive will ramp to the restored reference level at 
the rate specified in Accel Time 1 (140), Accel Time 
2 (141), Decel Time 1 (142), and Decel Time 2 (143). 
Be aware that an abrupt speed change may occur 
depending upon the new reference level and the rate 
specified in these parameters.  Failure to observe 
this precaution could result in bodily injury.

325 Analog In 2 Hi
Range: 4.000 to 20.000 mA   [0.001 mA]

-/+10.0 V   [0.1 V]
0.0 to 10.0 V   [0.1 V]

Default: 10 V

Access: 2 Path: Inputs & Outputs>Analog Inputs

See also: 91, 92
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Sets the lowest input value to the analog input 2 scaling block.

Selects drive action when an analog signal loss is detected. (1.6V = 
signal loss, 1.9 = end of signal loss; 3.2 mA = signal loss, 3.8 mA = 
end of signal loss.)

One of the selections (1=Fault) stops the drive on signal loss. All 
other choices make it possible for the input signal to return to a 
usable level while the drive is still running.

Important: Note that there is no signal loss detection while the 
input is in bipolar voltage mode.

326 Analog In 2 Lo
Range: 4.000 to 20.000 mA   [0.001 mA]

-/+10.0 V   [0.1 V]
0.0 to 10.0 V   [0.1 V]

Default: 0.000 V

Access: 2 Path: Inputs & Outputs>Analog Inputs

See also: 91, 92

327 Analog In 2 Loss
Range: 0 = Disabled

1 = Fault
2 = Hold Input (use last frequency command)
3 = Set Input Lo (use Minimum Speed as frequency
      command)
4 = Set Input Hi (use Maximum Speed as frequency
      command)
5 = Goto Preset1 (use Preset1 as frequency
      command)
6 = Hold OutFreq (maintain last output frequency)

Default: 0 = Disabled

Access: 2 Path: Inputs & Outputs>Analog Inputs

See also: 91, 92

!
ATTENTION: Setting parameter 327 to a value 
other than 1 allows the drive to continue running or 
resume running if a signal loss occurs. If a lost 
analog signal is restored while the drive is running, 
the drive will ramp to the restored reference level at 
the rate specified in Accel Time 1 (140), Accel Time 
2 (141), Decel Time 1 (142), and Decel Time 2 (143). 
Be aware that an abrupt speed change may occur 
depending upon the new reference level and the rate 
specified in these parameters.  Failure to observe 
this precaution could result in bodily injury.
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Selects the mode for the analog output.

  

Selects whether the signed value or absolute value of a parameter 
is used before being scaled to drive the analog output.

340 Anlg Out Config
Range: See figure 11.29

Default: 0
Access: 1 Path: Inputs & Outputs>Analog Outputs
See also:

Figure 11.34 – Analog Out Config

xxx 0xxxxxxxxxxxx
10 01234567891112131415

1=Current
0=Voltage
x =Reserved

Bit #
Factory Default Bit Values

An
alo

g 
Out

1

341 Anlg Out Absolut
Range: See figure 11.35

Default: See figure 11.35
Access: 2 Path: Inputs & Outputs>Analog Outputs

See also: 342

Figure 11.35 – Anlg Out Absolute (341)
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Selects the source of the value that drives the analog output. Refer 
to table 11.3.  

Sets the analog output value when the source value is at maximum.

Scaling the Analog Output

The user defines the scaling for the analog output by entering 
analog output voltages into Analog Out1 Lo and Analog Out1 Hi. 
These two output voltages correspond to the bottom and top of the 
possible range covered by the quantity being output. The output 
voltage will vary linearly with the quantity being output. The analog 
output voltage will not go outside the limits defined by Analog Out1 
Lo and Analog Out 1 Hi. See table 11.4.

342 Analog Out1 Sel
Range: 0 = Output Freq: Output frequency (see figure 7.3 -    

      Speed Reference Control Flowchart)
1 = Command Freq: Commanded frequency setpoint 
      (see figure 7.3 - Speed Reference Control 
      Flowchart)
2 = Output Amps: Total output current
3 = Torque Amps: Torque current
4 = Flux Amps: Flux current
5 = Output Power: Output power
6 = Output Volts: Output voltage
7 = DC Bus Volts: DC Bus voltage
8 = PI Reference: PI setpoint value
9 = PI Feedback: PI feedback value
10 = PI Error: Difference between PI Reference & PI 
        Feedback (reference - feedback)
11 = PI Output: PI output value
12 = % Motor OL: Motor overload percentage
13 = % Drive OL: Drive overload percentage
14 = Post Rmp Ref: Post Ramp Reference value (see 
        figure 7.3 - Speed Reference Control Flowchart)

Default: 0 = Output Freq

Access: 1 Path: Inputs & Outputs>Analog Outputs

See also: 1 - 7, 12, 135 - 138, 219, 220

343 Analog Out1 Hi
Range: ±10.000 V / 4 - 20 mA  [0.001 V / .001 mA]

Default: 10.000 V / 20.000 mA

Access: 1 Path: Inputs & Outputs>Analog Outputs

See also: 342
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Sets the analog output value when the source value is at minimum.

Refer to Analog Out1 Hi (343) for more information.

Table 11.4 – Analog Output Scaling

Options: Analog Out1 Lo (344) Value Corresponds to: Analog Out1 Hi (343) 
Value Corresponds to:Analog Out Absolut (341)

= Disabled
Analog Out Absolut (341)

= Enabled

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Output Freq
Commanded Freq
Output Amps
Torque Amps
Flux Amps
Output Power
Output Volts
DC Bus Volts
PI Reference
PI Feedback
PI Error
PI Output
%Motor OL
%Drive OL
Post Ramp Ref

–[Maximum Speed]
–[Maximum Speed]
0 Amps
–200% Rated
0 Amps
0 kW
0 Volts
0 Volts
–100%
–100%
–100%
–100%
0%
0%
–[Maximum Speed]

0 Hz
0 Hz
0 Amps
0 Amps
0 Amps
0 kW
0 Volts
0 Volts
0%
0%
0%
0%
0%
0%
0 Hz

+[Maximum Speed]
+[Maximum Speed]
200% Rated
200% Rated
200% Rated
200% Rated
120% Rated
200% Rated
100%
100%
100%
100%
100%
100%
+[Maximum Speed]

344 Analog Out1 Lo
Range: ±10.000 V / 4 - 20 mA  [0.001 V / .001 mA]

Default: 0.000 V / 4.000 mA

Access: 1 Path: Inputs & Outputs>Analog Outputs

See also: 342, 343
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361
362
363
364
365
366

Digital In1 Sel
Digital In2 Sel
Digital In3 Sel
Digital In4 Sel
Digital In5 Sel
Digital In6 Sel
Range: 0 = Not Used

1 = Enable
2 = Clear Faults1

3 = Function Loss
4 = Stop - CF2

5 = Start
6 = Fwd/Reverse2

7 = Run3

8 = Run Forward3

9 = Run Reverse3

10 = Jog
11 = Jog Forward
12 = Jog Reverse 
13 = Stop Mode B
14 = Bus Reg Md B
15 = Speed Sel 14

16 = Speed Sel24

17 = Speed Sel 34

18 = Manual
19 = Reserved
20 = Acc2 & Dec2
21 = Accel 2
22 = Decel 2
23 = MOP Inc
24 = MOP Dec
25 = OIM Control
26 = PI Enable
27 = PI Hold
28 = PI Reset
29 = Pwr Loss Lvl
30 = Precharge En

Default: See table 11.6

Access: 1 Path: Inputs & Outpust>Digital Inputs

See also: 96, 100, 124, 140, 156, 162, 194, 380 

1When Digital In”x” Sel is set to option 2 (Clear Faults), the stop key cannot 
be used to clear a fault condition.

2Typical 3-Wire Inputs. These require that only 3-wire functions are chosen. 
Including 2-wire selections will cause a type 2 alarm.

3Typical 2-Wire Inputs. These require that only 2-wire functions are chosen. 
Including 3-wire selections will cause a type 2 alarm.

4To access Preset Speed 1, set Speed Ref A Sel to Preset Speed 1. See 
table 11.3.



Parameter Descriptions 11-81

Assigns an input function to the drive’s digital inputs.

1 = Enable:  If the input is closed, the drive can run (start 
permissive). If the input is open, the drive will not start.

If the drive is already running when this input is opened, the drive 
will coast and indicate “not enabled” on the OIM (if present). This is 
not considered a fault condition, and no fault will be generated. 

If multiple enable inputs are configured, the drive will not run if any 
of them are open.

2 = Clear Faults: This function allows an external device to reset 
drive faults through the terminal block if Logic Source Sel (89) is set 
to Terminal Blk or All Ports. An open-to-closed transition on this 
input will reset the current fault (if any).

If this input is configured at the same time as Stop-Clear Faults, 
then only the Clear Faults input can actually cause faults to be 
reset.

3 = Function Loss: If the function loss input is open, a fault is 
generated. The function loss input is active at all times regardless of 
the selected logic control source. 

Table 11.5 – Speed Select Inputs

Speed Select Inputs
3 2 1 Reference Source
0 0 0 Speed Ref A Sel (90)
0 0 1 Preset Speed 1 (101)
0 1 0 Preset Speed 2 (102)

0 1 1 Preset Speed 3 (103)
1 0 0 Preset Speed 4 (104)
1 0 1 Preset Speed 5 (105)

1 1 0 Preset Speed 6 (106)
1 1 1 Preset Speed 7 (107)

Table 11.6 – Default Values for Parameters 361-366

Parameter No. Default Value
361 4 = Stop - CF
362 5 = Start

363 3 = Function Loss
364 10 = Jog
365 18 = Auto/Man

366 15 = Speed Sel 1
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Important: The function loss input is not intended for a fast output 
power kill. The drive will not fault until the software 
detects the change of state of this input. If this input 
function is not configured, the fault will not occur.

4 = Stop - CF (Stop - Clear Faults):  An open input will assert a 
stop command if the terminal block is the control source. While the 
stop is asserted, the drive ready status will be off.  A closed input 
will allow the drive to start. An open-to-closed transition is 
interpreted as a clear faults request. The drive will clear any existing 
faults.

If Start is configured, then Stop-Clear Faults must also be 
configured to prevent a digital input configuration alarm condition. 
Stop-Clear Faults is optional in all other circumstances.

5 = Start: An open-to-closed transition generates a run command if 
the terminal block is the control source.  

If Start is configured, then Stop-Clear Faults must also be 
configured to prevent a digital input configuration alarm condition. 

6 = Fwd/Reverse (Forward/Reverse):  An open input sets the 
direction to forward if the terminal block is the control source. A 
closed input sets the direction to reverse. If the state of the input 
changes and the drive is running or jogging, the drive will change 
direction. 

If the Fwd/Rev input function is assigned to more than one physical 
digital input at a time, a digital input configuration alarm will be 
asserted.

7 = Run: An open-to-closed transition on this input generates a a 
run command if the terminal block is the control source. If the input 
is open, the drive will stop.

The purpose of this input function is to allow a 2-wire start while the 
direction is being controlled by some other function.

8 and 9 = Run Forward and Run Reverse: If the terminal block is 
the control source, an open-to-closed transition on one or both 
inputs while the drive is stopped will cause the drive to run unless 
the Stop - Clear Faults input function is configured and open.

If one or both of these input functions are assigned to more than 
one physical digital input at a time, a digital input configuration 
alarm will be asserted. 
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10 = Jog: An open-to-closed transition on this input while the drive 
is stopped causes the drive to start (jog) in the current direction. 
When the input opens while the drive is running (jogging), the drive 
will stop.

The drive will not jog while running or while the Stop - Clear Faults 
input is open. Start has precedence over jog.

11 and 12 = Jog Forward and Jog Reverse: An open-to-closed 
transition on one or both inputs while the drive is stopped will cause 
the drive to jog unless the Stop - Clear Faults input function is 
configured and open. Table 11.7 describes the actions taken by the 
drive in response to various states of these input functions.

The drive will not jog while running or while the Stop - Clear Faults 
input is open. Start has precedence over jog.

If one of these input functions is configured and the other one is not, 
table 11.7 still applies, but the unconfigured input function should be 
considered permanently open.

!
ATTENTION: If a normal drive start command is 
received while the drive is jogging, the drive will 
switch from jog mode to run mode. The drive will not 
stop, but may change speed and/or change 
direction. Failure to observe this precaution could 
result in severe bodily injury or loss of life.

Table 11.7 – Drive Response to Jog Forward and Jog Reverse Inputs

Jog 
Forward

Jog 
Reverse Drive Response

Open Open Drive will stop if already jogging, but 
can be started by other means. 

Open Closed Drive jogs in reverse direction. 

Closed Open Drive jogs in forward direction. 

Closed Closed Drive continues to jog in current 
direction.

!
ATTENTION: If a normal drive start command is 
received while the drive is jogging, the drive will 
switch from jog mode to run mode. The drive will not 
stop, but may change speed and/or change 
direction. Failure to observe this precaution could 
result in severe bodily injury or loss of life.
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13 = Stop Mode B: This digital input selects between two different 
drive stop modes. 

If the input is open, then Stop Mode A selects which stop mode to 
use. If the input is closed, the Stop Mode B selects which stop mode 
to use. If this input function is not configured, then Stop Mode A 
selects which stop mode to use.

14 = Bus Regulation Mode B: This digital input function selects 
how the drive will regulate excess voltage on the DC bus. 

If the input is open, then Bus Reg Mode A selects which bus 
regulation mode to use. If the input is closed, then Bus Reg Mode B 
selects which bus regulation mode to use. If this input function is not 
configured, then Bus Reg Mode A selects which bus regulation 
mode to use.

15-17 = Speed Select 1, 2, 3: One, two, or three digital input 
functions can be used to select the speed reference used by the 
drive, and they are called the Speed Select input functions. The 
current open/closed state of all Speed Select input functions 
combine to select which source is the current speed reference.

There are 7 possible combinations of open/closed states for the 
three input functions, and thus 7 possible parameters can be 
selected. The 7 parameters are: Speed Ref A Sel and Preset Speed 
2 through Preset Speed 7.

If the Speed Select input functions select Speed Ref A Sel , then the 
value of that parameter further selects a reference source. There 
are a large number of possible selections, including all 6 presets.

If the input functions directly select one of the preset speed 
parameters, then the parameter contains a frequency that is to be 
used as the reference.

The Speed Select input function configuration process involves 
assigning the functionality of the three possible Speed Select input 
functions to physical digital inputs. The three Speed Select inputs 
functions are called Speed Select 1, Speed Select 2, and Speed 
Select 3, and they are assigned to physical inputs using the Digital 
In”x” Sel parameters.

Table 11.8 describes the various reference sources that can be 
selected using all three of the Speed Select input functions. If any of 
the three Reference Select input functions are not configured, then 
the software will still follow the table, but will treat the unconfigured 
inputs as if they are permanently open.
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18 = Manual: The Manual function allows a single control device to 
assume exclusive control of the manual reference. The most recent 
peripheral (OIM or terminal block) that makes a manual reference 
request will be given control of the manual reference setpoint.

If the Manual input function is closed, then the drive will use one of 
the analog inputs (defined by TB Man Ref Sel) as the reference. If 
an OIM subsequently requests manual control (that is, Auto/Man F-
Key is pressed) and then gives control up (presses Auto/Man F-Key 
again), then the Auto/Manual digital input must be opened and 
closed again to regain control of the manual reference. 

If this input is open, then the terminal block does not request 
manual control of the reference. If no control device (including the 
terminal block) is current requesting manual control of the 
reference, then the drive will use the normal reference selection 
mechanisms.

19 = Reserved

20 = Acc2 & Dec2: A single input function is used to select between 
Accel Time 1/Decel Time 1 and Accel Time 2/Decel Time2. 

If the function is open, the drive will use Accel Time 1 as the 
acceleration rate and Decel Time 1 as the deceleration rate. If the 
function is closed, the drive will use Accel Time 2 as the 
acceleration rate and Decel Time 2 as the deceleration rate.

21, 22 = Accel 2, Decel 2: One input function (called Accel 2) 
selects between Accel Time 1 and Accel Time 2, and another input 
function (called Decel 2) selects between Decel Time 1 and Decel 
Time 2. The open state of the function selects Accel Time 1 or Decel 
Time 1, and the closed state selects Accel Time 2 or Decel Time 2.

Table 11.8 – Effect of Speed Select Input State on Selected Reference

Speed 
Select 3

Speed 
Select 2

Speed 
Select 1

Parameter that 
determines 
reference:

Open Open Open Speed Ref A Sel

Open Open Closed Preset Speed 1

Open Closed Open Preset Speed 2

Open Closed Closed Preset Speed 3

Closed Open Open Preset Speed 4

Closed Open Closed Preset Speed 5

Closed Closed Open Preset Speed 6

Closed Closed Closed Preset Speed 7
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23, 24 = MOP Increment, MOP Decrement: The MOP is a 
reference setpoint (called the MOP Value) that can be incremented 
and  decremented by external devices. These inputs are used to 
increment and decrement the Motor Operated Potentiometer (MOP) 
value inside the drive. The MOP value will be retained through a 
power cycle.

While the MOP Increment input is closed, the MOP value will 
increase at rate contained in MOP Rate. Units for rate are Hz per 
second.

While the MOP Decrement input is closed, MOP value will decrease 
at rate contained in MOP Rate. Units for rate are Hz per second.

If both the MOP Increment and MOP Decrement inputs are closed, 
the MOP value will stay the same.

In order for the drive to use the MOP value as the current speed 
reference, either Speed Ref A Sel must be set to MOP.

25 = OIM Control: This input provides a mean to override the logic 
control source selection and can be used to override control from 
any port, including the All Ports selection.

An open-to-closed transition of this input sets the control source to 
the local OIM.  If no local OIM is present, the control source is set to 
the remote OIM. If no OIM is present at all, the drive stops. 

When control is set to the OIM, the OIM is granted manual 
reference (the Man Ref Preload (193) configuration is enforced). 
Subsequent Auto/Manual commands will toggle the OIM in and out 
of manual mode. The drive’s active or stopped state is not affected 
unless no OIM is present.

On a closed-to-open transition, manual control is released if active, 
and the selected auto reference is used. The logic source select 
override is removed. The edge/level-sense start configuration is 
imposed (LevelSense Start). 

26 = PI Enable: If this input function is closed, the operation of the 
Process PI loop will be enabled.

If this input function is open, the operation of the Process PI loop 
will be disabled.

27 = PI Hold: If this input function is closed, the integrator for the 
Process PI loop will be held at the current value; that is, it will not 
increase.

If this input function is open, the integrator for the Process PI loop 
will be allowed to increase.

28 = PI Reset: If this input function is closed, the integrator for the 
Process PI loop will be reset to 0.

If this input function is open, the integrator for the Process PI loop 
will integrate normally.
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29 = Pwr Loss Lvl: When the DC bus level in the drive falls below a 
certain level, a “powerloss” condition is created in the drive logic. 
This input allows the user to select between two different “power 
loss” detection levels dynamically. If the physical input is closed, 
then the drive will take its power loss level from a parameter. If the 
physical input is open (de-energized), then the drive will use a 
power loss level designated by internal drive memory, typically 82% 
of nominal. If the input function is not configured, then the drive 
always uses the internal power loss level. 

30 = Prechange En: This input function is used to manage 
disconnection from a common DC bus.

If the physical input is closed, this indicates that the drive is 
connected to common DC bus and normal precharge handling can 
occur, and that the drive can run (start permissive). If the physical 
input is open, this indicates that the drive is disconnected from the 
common DC bus, and thus the drive should enter the precharge 
state (precharge relay open) and initiate a coast stop immediately in 
order to prepare for reconnection to the bus.

If this input function is not configured, then the drive assumes that it 
is always connected to the DC bus, and no special precharge 
handling will be done. 

Type 2 Alarms

Some digital input programming may cause conflicts that result in a 
Type 2 alarm. For example, Digital In1 Sel set to 5 (Start) in 3-wire 
control, and Digital In2 Sel set to 7 (Run) in 2-wire control. Refer to 
chapter 12 for more information about these alarms. Note that Type 
2 alarms will prevent the drive from starting.

Dig In Status (116) indicates the current state of the digital inputs.
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Selects the drive signal that will energize an output relay.

380 Digital Out1 Sel
Range 1 = Fault - A fault has occurred and stopped the drive

2 = Alarm - A Type 1 or Type 2 alarm condition exists
3 = Ready - The drive is powered, Enabled and no start 

inhibits exist. It is “ready” to run
4 = Run - The drive is outputting voltage and frequency to 

the motor (indicates 3–wire control, either direction)
5 = Forward Run - The drive is outputting voltage and 

frequency to the motor (indicates 2–wire control in 
forward)

6 = Reverse Run - The drive is outputting voltage and 
frequency to the motor (indicates 2–wire control in 
reverse)

7 = Auto Restart - The drive is currently executing the 
Auto Restart or “Run at Power Up” function

8 = Reserved 
9 = At Speed - The commanded speed equals or exceeds 

the programmed limit
10 = At Freq - The drive output frequency equals or 

exceeds the programmed limit
11 = At Current - The drive total output current exceeds 

the programmed limit
12 = At Torque - The drive output torque current 

component exceeds the programmed limit
13 = At Temp - The drive operating temperature exceeds 

the programmed limit
14 = At Bus Volts - The drive bus voltage exceeds the 

programmed limit
15 = At PI Error - The drive Process PI Loop error 

exceeds the programmed limit
16 = DC Braking - The drive is currently executing either a 

“DC Brake” or a “Ramp to Hold” stop command and 
the DC braking voltage is still being applied to the 
motor.

17 = Curr Limit - The drive is currently limiting output 
current

18 = Economize - The drive is currently reducing the 
output voltage to the motor to attempt to reduce 
energy costs during a lightly loaded situation.

19 = Motor Overld - The drive is currently reducing the 
output voltage to the motor to attempt to reduce 
energy costs during a lightly loaded situation.

20 = Power Loss - The drive has monitored DC bus 
voltage and sensed a loss of input AC power that 
caused the DC bus voltage to fall below the fixed 
monitoring value (82% of[DC bus Memory (13)

21 = Input 1 Link - The digital input value is output on 
Dig Out1

22 = Input 2 Link
23 = Input 3 Link
24 = Input 4 Link
25 = Input 5 Link
26 = Input 6 Link
27 = TB in Manual - The terminal block has manual 

reference control

Default: 1 = Fault

Access: 1 Path: Inputs & Outputs>Digital Outputs

See also: 1-4, 12, 48, 53, 137, 147, 157, 184, 218, 381-383, 385, 
386
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Sets the relay activation level for options 10-15 in Digital Out1 Sel 
(380). Units are assumed to match the above selection 
(i.e., At Freq = Hz, At Torque = Amps).

Sets the on delay time for the digital outputs. This is the time 
between the occurrence of a condition and activation of the relay.

Sets the off delay time for the digital outputs. This is the time 
between the disappearance of a condition and de-activation of the 
relay.

381 Dig Out1 Level
Range: 0.0 to 819.2   [0.1]

Default: 0.0 

Access: 1 Path: Inputs & Outputs>Digital Outputs

See also: 380

382 Dig Out1 OnTime
Range: 0.00 to 600.00 Sec [0.01 Sec]

Default: 0.00 Sec

Access: 2 Path: Inputs & Outputs>Digital Outputs

See also: 380

383 Dig Out1 OffTime
Range: 0.00 to 600.00 Sec [0.01 Sec]

Default: 0.00 Sec

Access: 2 Path: Inputs & Outputs>Digital Outputs

See also: 380
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Selects the drive status that will energize an output relay.

384 Digital Out2 Sel
Range: 1 = Fault - A fault has occurred and stopped the drive

2 = Alarm - A Type 1 or Type 2 alarm condition exists
3 = Ready - The drive is powered, Enabled and no start 

inhibits exist. It is “ready” to run
4 = Run - The drive is outputting voltage and frequency to 

the motor (indicates 3–wire control, either direction)
5 = Forward Run - The drive is outputting voltage and 

frequency to the motor (indicates 2–wire control in 
forward)

6 = Reverse Run - The drive is outputting voltage and 
frequency to the motor (indicates 2–wire control in 
reverse)

7 = Auto Restart - The drive is currently executing the 
Auto Restart or “Run at Power Up” function

8 = Reserved 
9 = At Speed - The commanded speed equals or exceeds 

the programmed limit
10 = At Freq - The drive output frequency equals or 

exceeds the programmed limit
11 = At Current - The drive total output current exceeds 

the programmed limit
12 = At Torque - The drive output torque current 

component exceeds the programmed limit
13 = At Temp - The drive operating temperature exceeds 

the programmed limit
14 = At Bus Volts - The drive bus voltage exceeds the 

programmed limit
15 = At PI Error - The drive Process PI Loop error 

exceeds the programmed limit
16 = DC Braking - The drive is currently executing either a 

“DC Brake” or a “Ramp to Hold” stop command and 
the DC braking voltage is still being applied to the 
motor.

17 = Curr Limit - The drive is currently limiting output 
current

18 = Economize - The drive is currently reducing the 
output voltage to the motor to attempt to reduce 
energy costs during a lightly loaded situation.

19 = Motor Overld - The drive is currently reducing the 
output voltage to the motor to attempt to reduce 
energy costs during a lightly loaded situation.

20 = Power Loss - The drive has monitored DC bus 
voltage and sensed a loss of input AC power that 
caused the DC bus voltage to fall below the fixed 
monitoring value (82% of[DC bus Memory (13)

21 = Input 1 Link - The digital input value is output on 
Dig Out1

22 = Input 2 Link
23 = Input 3 Link
24 = Input 4 Link
25 = Input 5 Link
26 = Input 6 Link
27 = TB in Manual - The terminal block has manual 

reference control

Default: 4 = Run

Access: 1 Path: Inputs & Output>Digital Outputs

See also: 1 - 4, 12, 48, 53, 137, 147, 157, 184, 218, 381-383, 385, 
386
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Sets the relay activation level for options 10-15 in Digital Out2 Sel 
(384). Units are assumed to match the above selection 
(i.e., At Freq = Hz, At Torque = Amps). 

Sets the on delay time for the digital outputs. This is the time 
between the occurrence of a condition and activation of the relay. 

Sets the off delay time for the digital outputs. This is the time 
between the disappearance of a condition and de-activation of the 
relay.

385 Dig Out2 Level
Range: 0.0 to 819.2   [0.1]

Default: 0.0 

Access: 1 Path: Inputs & Output>Digital Outputs

See also: 380

386 Dig Out2 OnTime
Range: 0.00 to 600.00 Sec [0.01 Sec]

Default: 0.00 Sec

Access: 2 Path: Inputs & Output>Digital Outputs

See also: 380

387 Dig Out2 OffTime
Range: 0.00 to 600.00 Sec [0.01 Sec]

Default: 0.00 Sec

Access: 2 Path: Inputs & Output>Digital Outputs

See also: 380
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CHAPTER 12
Troubleshooting the Drive

The SP600 drive provides the following ways to determine the 
status of the drive and to troubleshoot problems that may occur:

• Ready LED on the drive cover

• User-configurable and non-configurable alarms 

• User-configurable and non-configurable faults 

• Entries in the fault queue 

• Drive status parameters

12.1 Verifying that DC Bus Capacitors are 
Discharged Before Servicing the Drive

The drive’s DC bus capacitors retain hazardous voltages after input 
power has been disconnected. Perform the following steps before 
touching any internal components.

Step 1. Turn off and lock out input power. Wait 5 minutes.

Step 2. Open the drive’s cover.

Step 3. Verify that there is no voltage at the drive’s input power 
terminals.

Step 4. Measure the DC bus potential with a voltmeter while 
standing on a non-conductive surface and wearing insulated 
gloves.  Refer to figure 12.1.

!
ATTENTION: Only qualified electrical personnel familiar with 
the construction and operation of this equipment and the 
hazards involved should install, adjust, operate, or service this 
equipment. Read and understand this manual and other 
applicable manuals in their entirety before proceeding. Failure 
to observe this precaution could result in severe bodily injury 
or loss of life.

!
ATTENTION: DC bus capacitors retain hazardous voltages 
after input power has been disconnected. After disconnecting 
input power, wait five (5) minutes for the DC bus capacitors to 
discharge and then check the voltage with a voltmeter to 
ensure the DC bus capacitors are discharged before touching 
any internal components. Failure to observe this precaution 
could result in severe bodily injury or loss of life.
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Step 5. Once the drive has been serviced, reattach the drive’s 
cover.

Step 6. Reapply input power.
.

Figure 12.1 – Location of DC Bus Voltage Measuring Points
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12.2 Determining Precharge Board Status Using the 
LED Indicators (Frame 5 Only)

The precharge board LEDs are located above the Line Type jumper 
shown in figure 12.2.

Figure 12.2 – Location of Precharge Status LED

Table 12.1 – Precharge Board LED Indicators

Name Color State Description

Power 
ON

Green Steady Indicates when pre-charge board power 
supply is operational

Alarm Yellow Steady Indicates one of the following alarms 
occurred causing the pre-charge to 
momentarily stop firing: 

• Line Loss

• Low Phase (single-phase dropped 
below 80% of line voltage)

• Input frequency out of range 
(momentarily)
 

Note: An alarm condition automatically 
resets when the condition no longer 
exists

Fault Red Steady Indicates one of the following faults: 

• DC Bus short

• DC Bus not charged

• Input frequency out of range

• Overtemperature

Note: A fault indicates a malfunction that 
needs to be corrected prior to restarting. 
A fault condition is only reset after 
cycling power.

O ptional
C om m unications

M odule

Line Type

Th
re

e-
Ph

as
e

    
(d

efa
ult

)

Si
ng

le-
Ph

as
e

Spare

Spare

 



12-4  SP600 AC Drive User Manual

12.3 Determining Drive Status Using the Ready LED

Figure 12.3 – Location of the Ready LED

Network
Status
LEDs

(Refer to
network
manuals.)

Ready LED
See table 12.2

Table 12.2 – Ready LED Status Definitions

Color State Description
Green Flashing Drive ready, but not running and no faults 

are present.
Steady Drive running, no faults are present.

Yellow
See section 
12.4.

Flashing The drive is not ready. Check parameter 
214 (Start Inhibits). 

Steady An alarm condition exists.
Check parameters 211 (Drive Alarm 1) 
and 212 (Drive Alarm 2).

Red
See section 
12.5.

Flashing A fault has occurred.
Steady A non-resettable fault has occurred.
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12.4 About Alarms 
Alarms indicate conditions that may affect drive operation or 
application performance.

There are two alarm types, as described in table 12.3. 

The drive indicates alarm conditions in the following ways:

• Ready LED on the drive cover (see table 12.2).

• Alarm name and bell graphic on the LCD OIM (see Appendix B). 
The alarm is displayed as long as the conditon exists. The drive 
automatically clears the alarm when the condition causing it is 
removed.

• Alarm status parameters. Two 16-bit parameters, Drive Alarm 1 
(211) and Drive Alarm 2 (212), indicate the status of type 1 and 
type 2 alarms, respectively. Refer to chapter 11 for the parameter 
descriptions.

12.4.1 About the Alarm Queue

The drive automatically retains a history of alarms that have 
occurred in the alarm queue. The alarm queue is accessed using 
the OIM or PC software.

The alarm queue holds the eight most recent alarms. The last alarm 
to occur is indicated in queue entry #1. As new alarms are logged 
into the queue, existing alarm entries are shifted (for example, entry 
#1 will move to entry #2). Once the queue is full, older alarms are 
discarded from the queue as new alarmts occur.

All entries in the alarm queue are retained if power is lost. Alarms 
are automatically cleared when the alarm condition goes away.

Table 12.3 – Types of Alarms

Type Alarm Description

� User-Configurable These alarms alert the operator of conditions 
that, if left untreated, may lead to a fault 
condition. The drive continues to operate 
during the alarm condition. 

The alarms are enabled or disabled using 
Alarm Config 1 (259). 

The status of these alarms is shown in Drive 
Alarm 1 (211).

� Non-Configurable These alarms alert the operator of conditions 
caused by improper programming and prevent 
the drive from starting until the problem is 
resolved. 

These alarms are always enabled. 

The status of these alarms is shown in Drive 
Alarm 2 (212).
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The alarm queue can be cleared using the OIM by selecting “Clr 
Alarm Queue”, or by using a PC software tool.

12.4.2 Alarm Descriptions

Table 12.4 – Alarm Descriptions

Alarm Ty
pe

Description

Analog In 
Loss

� An analog input is configured for alarm on signal loss and 
signal loss has occurred.

Bipolar 
Conflict

� Parameter 190 (Direction Mode) is set to Bipolar or 
Reverse Dis and one of more of the following digital input 
functions is configured: Fwd/Rev or Run Fwd. Note that 
the default is Reverse Dis. 

Decel 
Inhibit

The drive is being inhibited from decelerating.

Dig In 
ConflictA

� Digital input functions are in conflict. Combinations 
marked with a will cause an alarm.

Dig In 
ConflictB

� Digital input functions are in conflict. Combinations 
marked with a  will cause an alarm.

Dig In 
ConflictC

� More than one physical input has been configured to the 
same input function. Multiple configurations are not 
allowed for the following input functions:

DigIn Bad 
Value

� Unsupported function selected in Digital In”x” Sel 
parameters (361-366).

Acc2 / 
Dec2 Accel 2 Decel 2 Fwd / Rev

Acc2 / 
Dec2

Accel 2
Decel 2

Fwd / Rev

Start Stop–CF Run Run Fwd Fwd/Rev
Start

Stop–CF
Run

Run Fwd
Fwd / Rev

Forward/Reverse Run Bus Regulation Mode B
Speed Select 1 Stop Mode B Acc2 / Dec2
Speed Select 2 OIM Control Accel 2
Speed Select 3 Stop Mode B Decel 2
Run Forward  
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Drive OL 
Level 1

� The calculated IGBT temperature requires a reduction in 
PWM carrier frequency. If Drive OL Mode (150) is disabled 
and the load is not reduced, an overload fault will 
eventually occur.

Drive OL 
Level 2

� The calculated IGBT temperature requires a reduction in 
Current Limit. If Drive OL Mode (150) is disabled and the 
load is not reduced, an overload fault will eventually occur.

Flux Amps 
Ref Rang

� Result of autotune procedure (61).

IntDBRes 
OvrHeat

� The drive has temporarily disabled the dynamic braking 
regulator because the resistor temperature has exceeded 
a predetermined value.

IR Volts 
Range

� The drive autotuning default is Calculate and the value 
calculated for IR Drop Volts is not in the range of 
acceptable values. This alarm should clear when all motor 
nameplate data is properly entered.

Ixo Vlt 
Rang

Motor leakage inductance is out of range.

MaxFreq 
Conflict

� The sum of Maximum Speed (82) and Overspeed Limit 
(83) exceeds Maximum Freq (55). Raise Maximum Freq 
(55) or lower Maximum Speed (82) and/or Overspeed 
Limit (83) so that the sum is less than or equal to 
Maximum Freq (55).

Motor 
Type Cflct

� Motor Type (40) has been set to Sync Prm Mag or Sync 
Reluc, and one or more DC functions (for example, DC 
Boost, DC Brake, etc.) have been activated. DC injection 
functions are imcompatible with synchronous motors and 
may demagnetize them.

NP Hz 
Conflict

� Fan/pump mode is selected in Torq Perf Mode (53), and 
the ratio of Motor NP Hertz (43) to Maximum Freq (55) is 
greater than 26.

Power 
Loss

� Drive has sensed a power line loss.

Prechrg 
Actv

� Drive is in the initial DC bus precharge state.

Sleep 
Config

Sleep/Wake configuration error. 
When Sleep-Wake Mode [178] = Direct, possible causes 
include:
- Drive is stopped and Wake Level [180] < Sleep Level 
[182]
- Digital Inx Sel [361 to 366] is not set to one of the 
  following: Stop=CF, Run, Run Forward, or Run Reverse.

Speed Ref 
Cflct

� Speed Ref A Sel (90) or PI Reference Sel (126) is set to 
Reserved.

Table 12.4 – Alarm Descriptions (Continued)

Alarm Ty
pe

Description
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Under-
Voltage

� The bus voltage has dropped below a predetermined 
value.

VHz Neg 
Slope

� Custom V/Hz mode has been selected in Torq Perf Mode 
(53) and the V/Hz slope is negative.

Waking The wake timer is counting toward a value that will start 
the drive.

Table 12.4 – Alarm Descriptions (Continued)

Alarm Ty
pe

Description

Table 12.5 – Alarm Names Cross-Referenced by Alarm Numbers

No.1

1 Alarm numbers not listed are reserved for future use.

Alarm No.1 Alarm
1 Precharge Active 20 Bipolar Conflict
2 UnderVoltage 21 Motor Type Conflict
3 Power Loss 22 NP Hz Conflict
5 Analog In Loss 23 MaxFreq Conflict
6 IntDBRes OvrHeat 24 VHz Neg Slope
8 Drive OL Level 1 25 IR Volts Range
9 Drive OL Level 2 26 FluxAmps Ref Rang
10 Decel Inhibit 27 Speed Ref Cflct
11 Waking 28 Ixo Vlt Rang
17 Dig In ConflictA 29 Sleep Config
18 Dig In ConflictB 30 DigIn Bad Value
19 Dig In ConflictC
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12.5 About Faults
Faults indicate conditions within the drive that require immediate 
attention. The drive responds to a fault by initiating a coast-to-stop 
sequence and turning off output power to the motor.

In addition, some faults are auto-resettable, non-resettable, and/or 
user-configurable as described in table 12.6.

The drive indicates faults in the following ways:

• Ready LED on the drive cover (see section 12.3).

• Drive status parameters Drive Status 1 (209) and Drive Status 2 
(210).

• Entries in the fault queue (see section 12.5.1).

• Pop-up screen on the LCD OIM. See figure 12.4. The screen 
displays:

• Fault number

• Fault name

• Time that has elapsed since fault occurred.

Table 12.6 – Fault Types

Ty
p

e

Fault Description

➀ Auto-Reset/Run If the drive is running when this type of fault occurs, 
and Auto Rstrt Tries (174) is set to a value greater 
than 0, a user-configurable timer, Auto Rstrt Delay 
(175) begins. When the timer reaches zero, the drive 
attempts to automatically reset the fault. If the 
condition that caused the fault is no longer present, 
the fault will be reset and the drive will be restarted.

➁ Non-Resettable This type of fault normally requires drive or motor 
repair. The cause of the fault must be corrected 
before the fault can be cleared. The fault will be 
reset on power up after repair.

➂ User-Configurable These faults can be enabled/disabled to either 
annunciate or ignore a fault condition using Fault 
Config 1 (238).
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The fault screen is displayed until it is acknowledged by pressing 
any F-key or cleared in the drive by other means.

12.5.1 About the Fault Queue

The drive automatically retains a history of faults that have occurred 
in the fault queue. The fault queue is accessed using the OIM or VS 
Utilties software.

The fault queue holds the eight most recent faults. The last fault to 
occur is indicated in queue entry #1. As new faults are logged into 
the queue, existing fault entries are shifted (for example, entry #1 
will move to entry #2). Once the queue is full, older faults are 
discarded from the queue as new faults occur.

All entries in the fault queue are retained if power is lost.

The Time Stamp

For each entry in the fault queue, the system also displays a fault 
code and time stamp value. The time stamp value is the value of an 
internal drive-under-power timer at the time of the fault. The value of 
this timer is copied to PowerUp Marker (242) when the drive powers 
up. The fault queue time stamp can then be compared to the value 
in PowerUp Marker to determine when the fault occurred relative to 
the last drive power up.

The time stamp is cleared when the fault queue is cleared. 

Refer to section 12.8.1 for information on accessing the fault queue 
using the LCD OIM. 

Figure 12.4 – Sample Fault Screen on the LCD OIM

Press any F Key to
Acknowledge the Fault

      Fault             Auto

ACKNOWLEDGE

- Fault - Fxxxxx
Fault Text String
Time Since Fault

xxxx:xx:xx
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12.5.2 Clearing Faults

A fault condition can be cleared by the following:

Step 1. Press  or any F-Key to acknowledge the fault and 
remove the fault pop-up from the LCD OIM screen.

Step 2. Address the condition that caused the fault. The cause must 
be corrected before the fault can be cleared.

Step 3. After corrective action has been taken, clear the fault using 
one of the following:

• Setting Fault Clear (240) to Clear Faults (1).

• Press F1 (Cflt) from the fault queue screen.

• Issuing a Stop-Clear Faults command from the control 
source.

Resetting faults will clear the faulted status indication. If any fault 
condition still exists, the fault will be latched, and another entry 
made in the fault queue.

Note that performing a fault reset does not clear the fault queue. 
Clearing the fault queue is a separate action. See the Fault Clear 
(240) parameter description.

ESC/
PROG
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12.5.3 Fault Descriptions and Corrective Actions

Table 12.7 describes drive faults and corrective actions. It also 
indicates if the fault is

➀  Auto-resettable

➁  Non-resettable

➂  User-configurable

Table 12.7 – Fault Descriptions and Corrective Actions

Fault N
o

.

Ty
pe Description Action

Analog In 
Loss

29 ➀ 
➂

An analog input is 
configured to fault on 
signal loss. A signal loss 
has occurred.

Configure with Anlg In 
1, 2 Loss (324, 327).

1. Check parameters.

2. Check for broken/loose 
connections at inputs.

Anlg Cal 
Chksum

108 ➁ The checksum read 
from the analog 
calibration data does 
not match the checksum 
calculated.

Replace drive.

Auto Rstrt 
Tries

33 ➂ Drive unsuccessfully 
attempted to reset a 
fault and resume 
running for the 
programmed number of 
Auto Rstrt Tries (174).

Enable/disable with 
Fault Config 1 (238).

Correct the cause of the 
fault and manually clear.

AutoTune 
Aborted

80 The autotune procedure 
was canceled by the 
user.

Restart procedure.

DB 
Resistance

69 Resistance of the 
internal DB resistor is 
out of range.

Replace resistor.
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Decel Inhibit 24 ➂ The drive is not 
following a commanded 
deceleration because it 
is attempting to limit bus 
voltage.

1. Verify input voltage is 
within drive specified 
limits.

2. Verify system ground 
impedance follows 
proper grounding 
techniques.

3. Disable bus regulation 
and/or add dynamic 
brake resistor and/or 
extend deceleration 
time.

Drive 
OverLoad

64 Drive rating of 110% for 
1 minute or 150% for 3 
seconds has been 
exceeded.

Reduce load or extend 
Accel Time (140).

Excessive 
Load

79 Motor did not come up 
to speed in the allotted 
time.

1. Uncouple load from 
motor.

2. Repeat Autotune (61).

FluxAmpsRef 
Rang

78 The value for flux amps 
determined by the 
autotune procedure 
exceeds the 
programmed Motor NP 
FLA (42).

1. Reprogram Motor NP 
FLA (42) with the 
correct motor 
nameplate value.

2. Repeat Autotune (61).

Function Loss 2 ➀ Function loss input is 
open.

Check remote wiring.

Ground Fault 13 ➀ A current path to earth 
ground in excess of 2A 
has been detected at 
one or more of the drive 
output terminals. 

Check the motor and 
external wiring to the drive 
output terminals for a 
grounded condition.

Heatsink 
OvrTemp

8 ➀ Heatsink temperature 
exceeds a predefined 
value of 90°C (195°F).

1. Check for blocked or 
dirty heat sink fins. 
Verify that ambient 
temperature has not 
exceeded 40°C (104°F) 
NEMA Type 1 installations 
or 50°C (122°F) for Open 
type installations.

2. Check fan.

Table 12.7 – Fault Descriptions and Corrective Actions (Continued)

Fault N
o

.

Ty
pe Description Action
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HW 
OverCurrent

12 ➀ The drive output current 
has exceeded the 
hardware current limit.

Check programming. 
Check for excess load, 
improper DC boost setting, 
DC brake volts set too 
high or other causes of 
excess current.

Motor dynamics cannot be 
accommodated by 
autotuning. Manual tuning 
of the current loop 
required. Consult technical 
support.

Incompat 
MCB-PB

106 ➁ Drive rating information 
stored on the power 
board is incompatible 
with the Main Control 
board.

Load compatible version 
files into drive.

I/O Comm 
Loss

121 ➁ Loss of communication 
to I/O board.

Cycle power.

I/O Board Fail 122 Board failure. 1. Cycle power.

2. If fault repeats, replace 
I/O board

I/O Mismatch 120 Incorrect I/O board 
identified.

Restore  I/O board to 
original configuration, or If 
new configuration is 
desired, reset fault.

IR Volts 
Range

77 The drive autotuning 
default is Calculate and 
the value calculated for 
IR Drop Volts is not in 
the range of acceptable 
values.

Re-enter motor nameplate 
data.

Motor 
Overload

7 ➀ 
➂

Internal electronic 
overload trip.

Enable/disable with 
Fault Config 1 (238).

An excessive motor load 
exists. Reduce load so 
drive output current does 
not exceed the current set 
by Motor NP FLA (42).

Table 12.7 – Fault Descriptions and Corrective Actions (Continued)

Fault N
o

.

Ty
pe Description Action
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OverSpeed 
Limit

25 ➀ Functions such as slip 
compensation or bus 
regulation have 
attempted to add an 
output frequency 
adjustment greater than 
that programmed in 
Overspeed Limit (83).

Remove excessive load or 
overhauling conditions or 
increase Overspeed Limit 
(83).

OverVoltage 5 ➀ DC bus voltage 
exceeded maximum 
value.

Monitor the AC line for 
high line voltage or 
transient conditions. Bus 
overvoltage can also be 
caused by motor 
regeneration. Extend the 
decel time or install 
dynamic brake option.

Parameter 
Chksum

100 ➁ The checksum read 
from the board does not 
match the checksum 
calculated.

1. Restore defaults.

2. Reload user set if used.

Params 
Defaulted

48 The drive was 
commanded to write 
default values to 
EEPROM.

1. Clear the fault or cycle 
power to the drive.

2. Program the drive 
parameters as needed.

Phase 
Imbalance

37 Phase current displayed 
in Imbalance Display 
(221) > percentage set 
in Imbalance Limit (49) 
for time set in 
Imbalance Time (50).

Clear fault.

Phase U to 
Grnd

38 A phase-to-ground fault 
has been detected 
between the drive and 
motor in this phase.

1. Check the wiring 
between the drive and 
motor.

2. Check motor for 
grounded phase.

3. Replace drive.

Phase V to 
Grnd

39

Phase W to 
Grnd

40

Phase UV 
Short

41 Excessive current has 
been detected between 
these two output 
terminals.

1. Check the motor and 
drive output terminal 
wiring for a shorted 
condition.

2. Replace drive.

Phase VW 
Short

42

Phase UW 
Short

43

Table 12.7 – Fault Descriptions and Corrective Actions (Continued)

Fault N
o

.

Ty
pe Description Action
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Port 1-6 DPI 
Loss

81- 
86

DPI port stopped 
communicating.

An attached peripheral 
with control capabilities 
via Logic Source Sel 
(89) (or OIM control) 
was removed. 

The fault code indicates 
the offending port 
number (81 = port 1, 
etc.)

1. If adapter was not 
intentionally 
disconnected, check 
wiring to the port. 
Replace wiring, port 
expander, adapters, 
Main Control board or 
complete drive as 
required.

2. Check OIM connection.

Port 1-6 Net 
Loss

71- 
76

The network card 
connected to DPI port 
stopped 
communicating.

The fault code indicates 
the offending port 
number (71 = port 1, 
etc.)

1. Check communication 
adapter board for 
proper connection to 
external network.

2. Check external wiring to 
adapter on port.

3. Verify external network 
fault.

Power Loss 3 ➀ 
➂

DC bus voltage 
remained below 85% of 
nominal for longer than 
Power Loss Time (185).

Enable/disable with 
Fault Config 1 (238).

Monitor the incoming AC 
line for low voltage or line 
power interruption.

Power Unit 70 One or more of the 
output transistors were 
operating in the active 
region instead of 
desaturation. This can 
be caused by excessive 
transistor current or 
insufficient base drive 
voltage.

1. Check for damaged 
output transistors.

2. Replace drive.

Pwr Brd 
Chksum1

104 The checksum read 
from the EEPROM does 
not match the checksum 
calculated from the 
EEPROM data.

Clear the fault or cycle 
power to the drive.

Pwr Brd 
Chksum2

105 ➁ The checksum read 
from the board does not 
match the checksum 
calculated.

1. Cycle power to the 
drive.

2. If problem persists, 
replace drive.

Table 12.7 – Fault Descriptions and Corrective Actions (Continued)

Fault N
o

.

Ty
pe Description Action
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Replaced 
MCB-PB

107 ➁ Main Control board was 
replaced and 
parameters were not 
programmed.

1. Restore defaults.

2. Reprogram parameters.

Shear Pin 63 ➂ Programmed Current 
Lmt Val (148) has been 
exceeded.
Enabled/disable with 
Fault Config 1 (238).

Check load requirements 
and Current Lmt Val (148) 
setting.

SW 
OverCurrent

36 ➀ The drive output current 
has exceeded the 
software current.

Check for excess load, 
improper DC boost setting. 
DC brake volts set too 
high.

Trnsistr 
OvrTemp

9 ➀ Output transistors have 
exceeded their 
maximum operating 
temperature.

1. Check for blocked or 
dirty heat sink fins. 
Verify that ambient 
temperature has not 
exceeded 40°C (104°F) 
for NEMA Type 1 
installations or 50°C 
(122°F) for Open type 
installations.

2. Check fan.

UnderVoltage 4 ➀ 
➂

DC bus voltage fell 
below the minimum 
value of 160V DC at 
200/240V input, 300V 
DC at 400/480V input or 
375V DC at 575V input.

Enable/disable with 
Fault Config 1(233).

Monitor the incoming AC 
line for low voltage or 
power interruption.

UserSet1 
Chksum

101 ➁ The checksum read 
from the user set does 
not match the checksum 
calculated.

Re-save user set.

UserSet2 
Chksum

102 ➁

UserSet3 
Chksum

103 ➁

Table 12.7 – Fault Descriptions and Corrective Actions (Continued)

Fault N
o

.

Ty
pe Description Action
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Table 12.8 – Fault Names Cross-Referenced by Fault Number

No.1 Fault No.1 Fault No.1 Fault
2 Function Loss 38 Phase U to Grnd 80 AutoTune Aborted
3 Power Loss 39 Phase V to Grnd 81-86 Port 1-6 DPI Loss
4 UnderVoltage 40 Phase W to Grnd 100 Parameter Chksum
5 OverVoltage 41 Phase UV Short 101 UserSet1 Chksum
7 Motor Overload 42 Phase VW Short 102 UserSet2 Chksum
8 Heatsink OvrTemp 43 Phase UW Short 103 UserSet3 Chksum
9 Trnsistr OvrTemp 48 Params Defaulted 104 Pwr Brd Chksum1
12 HW OverCurrent 63 Shear Pin 105 Pwr Brd Chksum2
13 Ground Fault 64 Drive Overload 106 Incompat MCB-PB
24 Decel Inhibit 69 DB Resistance 107 Replaced MCB-PB
25 OverSpeed Limit 70 Power Unit 108 Anlg Cal Chksum
29 Analog In Loss 71-76 Port 1-6 Net Loss 120 I/O Board Mismatch
33 Auto Rstrt Tries 77 IR Volts Range 121 I/O Board Comm Loss
36 SW OverCurrent 78 FluxAmpsRef Rang 122 I/O Board Fail

79 Excessive Load

1 Fault numbers not listed are reserved for future use.
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12.6 Common Symptoms and Corrective Actions

Table 12.9 – Drive Does Not Start From Terminal Block Logic

Indication(s) Cause(s) Corrective Action

Flashing red 
Ready LED.

Drive is faulted. Clear fault:

• Press OIM stop key if 
that OIM is control 
source.

• Cycle power.

• Set Fault Clear (240) to 
1.

• Toggle terminal block 
stop or terminal block 
reset digital input if 
terminal block is the 
control source.

Incorrect operation 
from the terminal 
block.

Incorrect input wiring.

• 2-wire control requires 
Run, Run Forward, or 
Run Reverse input(s). 

• 3-wire control requires 
Start and Stop inputs

• Jumper from terminal 7 
to 8 is required.

Wire inputs correctly 
and/or install jumper.

Incorrect digital input 
programming.

• Mutually exclusive 
choices have been 
made.

• 2-wire and 3-wire 
programming may be 
conflicting.

• Exclusive functions (i.e, 
direction control) may 
have multiple inputs 
configured.

• Stop if factory default and 
is not wired or is open.

• Start or Run 
programming may be 
missing.

Program Digital In”x” Sel 
(361-366) for correct 
inputs. 

Logic Source Sel is not set 
to Terminal Blk.

Set Logic Source Sel to 
Terminal Blk.
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Flashing yellow 
Ready LED and 
DigIn CflctB 
indication on LCD 
OIM.

Drive Status 2 
(210) shows type 2 
alarm(s).

Incorrect digital input 
programming.

• Mutually exclusive 
choices have been 
made.

• 2-wire and 3-wire 
programming may be 
conflicting.

• Exclusive functions (i.e, 
direction control) may 
have multiple inputs 
configured.

• Stop if factory default and 
is not wired or is open.

• Start or Run 
programming may be 
missing.

Program Digital In”x” Sel 
(361-366) to resolve 
conflicts. 

Remove multiple 
selections for the same 
function.

Install stop button to apply 
a signal at stop terminal.

Table 12.9 – Drive Does Not Start From Terminal Block Logic

Indication(s) Cause(s) Corrective Action

Table 12.10 – Drive Does Not Start From OIM

Indication Cause(s) Corrective Action

None Drive is programmed for 
2-wire control and Logic 
Source Sel (89) = All 
Ports. OIM start and 
network start are 
disabled for 2-wire 
control.

If 2-wire control is 
required, no action is 
necessary. 

If 3-wire control is 
required, program Digital 
Inx Sel (361-366) for 
correct inputs. 

Flashing or steady red 
Ready LED.

Active fault. Reset fault.

Flashing yellow Ready 
LED.

Enable input is open. Close terminal block 
enable input.

The terminal block stop 
input is open and control 
source is set to All 
Ports.

Close terminal block stop 
input.

Start inhibit bits are set. Check status in Start 
Inhibits (214).
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.

Drive Status 1 (209) 
indicates logic control 
source.

Logic Source Sel (89) is 
not equal to the desired 
OIM (Local OIM, DPI 
Port 2, or DPI Port 3). 
DPI Port 2 is required 
for remote OIM.

Verify setting of Logic 
Source Sel (89). The OIM 
Control digital input 
effectively sets the control 
source to the lowest 
attached OIM port.

Table 12.10 – Drive Does Not Start From OIM (Continued)

Indication Cause(s) Corrective Action

Table 12.11 – Drive Does Not Respond to Changes in Speed Command

Indication Cause(s) Corrective Action

LCD OIM Status Line 
indicates “At Speed” 
and output is 0 Hz.

No value is coming from 
the source of the 
command.

1. If the source is an 
analog input, check 
wiring and use a meter 
to check for presence 
of signal.

2. Check Commanded 
Freq (2) for correct 
source. 

None Incorrect reference 
source has been 
programmed.

1. Check Speed Ref 
Source (213) for the 
source of the speed 
reference. 

2. Reprogram Speed Ref 
A Sel (90) for correct 
source.

None Incorrect reference 
source is being selected 
via remote device or 
digital inputs.

1. Check Drive Status 1 
(209), bits 12 - 15 for 
unexpected source 
selections. 

2. Check Dig In Status 
(216) to see if inputs 
are selecting an 
alternate source. 

3. Reprogram digital 
inputs to correct Speed 
Sel x option.

Speed reference from 
analog input

Improper reference 
common signal wiring.

1. Verify that common is 
properly connected to 
AnlgIn(-) terminal.
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Table 12.12 – Motor and/or Drive Will Not Accelerate to Commanded Speed

Indication Cause(s) Corrective Action

Acceleration time is 
excessive.

Incorrect value in 
Accel Time “x” (140, 
141).

Reprogram Accel Time “x” 
(140, 141).

Drive is forced into 
current limit, slowing or 
stopping acceleration.

Excess load or short 
acceleration time.

Check Drive Status 2 
(210), bit 10 to see if the 
drive is in current limit.

Remove excess load or 
reprogram Accel Time “x” 
(140, 141).

Speed command 
source or value is not 
as expected.

Improper speed 
command.

Check for the proper 
speed command using 
steps 1 through 7 in table 
12.11.

Programming is 
preventing the drive 
output from exceeding 
limiting values.

Incorrect 
programming.

Check Maximum Speed 
(82) and Maximum Freq 
(55) to insure that speed is 
not limited by 
programming.

Table 12.13 – Motor Operation is Unstable

Indication Cause(s) Corrective Action

None Motor data was 
incorrectly entered or 
autotune was not 
performed.

1. Correctly enter motor 
nameplate data.

2. Perform static or rotate 
autotune procedure 
(61).
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12.7 Replacement Parts

12.8 Troubleshooting the Drive Using the LCD OIM
The LCD OIM provides immediate visual notification of alarm or 
fault conditions as well as the following diagnostic information:

• Entries in the fault queue

• Fault parameters

• Drive status parameters

• Selected device version and status information

• OIM version information

Table 12.14 – Stopping the Drive Results in a Decel Inhibit Fault

Indication Cause(s) Corrective Action

Decel Inhibit fault 
screen.

LCD status line 
indicates Faulted.

The bus regulation 
feature is enabled and 
is halting deceleration 
due to excessive bus 
voltage. Excess bus 
voltage is normally due 
to excessive 
regenerated energy or 
unstable AC line input 
voltages.

Internal timer has halted 
drive operation.

1. Reprogram bus 
regulation (parameters 
161 and 162) to 
eliminate any Adjust 
Freq selection.

2. Disable bus regulation 
(parameters 161 and 
162) and add a 
dynamic brake.

3. Correct AC input line 
instability or add an 
isolation transformer.

4. Reset drive.

Table 12.15 – OIM Cables

Description Part Number

LCD OIM Cable for remote use RECBL-LCD

LCD OIM Extender Cable (0.3 meter) RECBL-F03

LCD OIM Extender Cable (1 meter) RECBL-F10

LCD OIM Extender Cable (3 meters) RECBL-F30

LCD OIM Extender Cable (9 meters) RECBL-F90

Table 12.16 – Drive Unit

Description Part Number

Controller Board 313876-K01

24 V I/O Board 195239

120 V I/O Board 195238
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12.8.1 Accessing the Fault Queue

As described in section 12.5.1, the drive automatically retains a 
history of the last eight faults that have occurred in the fault queue. 

To access the fault queue, press the F4 key at the process display 
screen, or see figure 12.5 to access the fault queue from the Main 
Menu.

The drive can be reset (as if the power were cycled) by pressing the 
F3 (Dres) function key while in the "View Fault Queue" screens.  
The reset function is active only while the drive is stopped. During a 
reset, drive communication with peripheral devices will stop until the 
reset function completes.

Figure 12.5 – Accessing the Fault Queue

Figure 12.6 – Sample Fault Queue Entry

!
ATTENTION: Pressing F3 (Dres) will immediately 
cause the drive to be reset. This may result in 
communication errors in other devices attached to 
the drive which could result in machine damage.

Diagnostics:

Device Version
OIM Version

View Fault Queue

P0: SP600

               Stopped            Auto

Main Menu

Diagnostics

FltQ#    : F#xxxxx
Fault Text String
Accum:
  hours:min:sec

1

Cflt Clrqu Dres

Highlight  Diagnostics icon

Highlight item
Monitor Lang

F1 = Clear fault*

FltQ#    : F#xxxxx
Fault1 Text String
Accum:
  hours:min:sec

1

Cflt Clrqu Dres

FltQ#    : F#xxxxx
Fault2 Text String
Accum:
  hours:min:sec

2

Cflt Clrqu Dres

F2F1

F2 = Clear fault queue

F3

F3 = Drive Reset
*Appears only when fault is active.
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12.8.2 Accessing the Fault Parameters

The LCD OIM provides quick access to the drive’s fault parameters 
by grouping them in the Fault Info submenu.  To access these 
parameters, see figure 12.7.

12.8.3 Accessing the Drive Status Parameters

The LCD OIM provides quick access to the drive status parameters 
by grouping them in the Status Info submenu. To access these 
parameters, see figure 12.8.

Figure 12.7 – Accesing the Fault Parameters

Diagnostics:

Fault Info

Device Version

P0: SP600

               Stopped            Auto

Main Menu

Diagnostics

OIM Version

Diag: Fault Info

Status1@Fault

Alarm1@Fault
Status2@Fault

Highlight parameter

Select

Highlight item
Highlight Diagnostics icon

Monitor Lang

Figure 12.8 – Accessing the Drive Status Parameters

Diagnostics
:

Status Info

OIM Version

Lang

P0: SP600

               Stopped            Auto

Main Menu

Diagnostics

Fault Info

Diag: Status Info

Drive Status1

Drive Alarm1
Drive Status2

Highlight parameter

Select

Highlight item
Highlight Diagnostics icon

Monitor
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12.8.4 Determining the Product Version

The LCD OIM provides hardware and firmware version information 
for connected devices, including the OIM, down to the component 
level. 

Device Version

To access the device version information, refer to figures 12.9 and 
12.10.

OIM Version

The OIM Version selection provides information on the OIM you are 
using to access this data. See figures 12.11 and 12.12.

Figure 12.9 – Accessing the Device Version Information

Figure 12.10 – Device Version Screens at Product and Component Levels

Diagnostics
:

OIM Version

View Fault Queue

Monitor Lang

P0: SP600

               Stopped            Auto

Main Menu

Diagnostics

Device Version

Highlight Diagnostics icon
Highlight item

See
figure
12.9

Diag: Product Ver

Date: mm/dd/yyyy

FW Ver:         x.xxx
Series:  X

Cmp

F1

F1
Diag: Dev Comp

Prev

Main Control
Board

Prdt

Next

Flash

To Component
Level

To Product
Level

F1 F3
Flash F/W
Information

Diag: Comp Ver

FW Ver:     x.xxx

HW Ver:     xxx
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Device Items

The Device Items selection provides access to a list of diagnostic 
parameters. These parameters should be adjusted by qualified 
personnel only. See figure 12.13.

Figure 12.11 – Accessing the OIM Version Information

Diagnostics
:

Status Info

OIM Version

Monitor Lang

P0: SP600

               Stopped            Auto

Main Menu

Diagnostics

Fault Info

Highlight Diagnostics icon
Highlight item

See
figure
12.11

Figure 12.12 – OIM Version Screens at the Product and Component Levels

Diag: Prodct Ver

Date: mm/dd/yyyy

FW Ver:         x.xxx
Series:  X

Cmp

F1

F1
Diag: OIM Comp

Prev

LCD OIM Standard
Control Board

Prdt

Next

Flash

To Component
Level

To Product
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!
ATTENTION: The parameters in the Device Items 
menu must be set by a qualified person who 
understands the significance of setting them 
accurately. Failure to observe this precaution could 
result in bodily injury.

Figure 12.13 – Accessing the Device Item Information
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12.8.5 Contacting Tech Support for Assistance

The Tech Support option in the Diagnostics menu provides 
information regarding technical support.
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APPENDIX A
Technical Specifications

Table A.1 – Drive Monitoring and Limits

AC Input Overvoltage Trip 570 VAC

AC Input Undervoltage Trip 280 VAC

Bus Overvoltage Trip 810 VDC

Bus Undervoltage Trip 300 VDC

Nominal Bus Voltage 648 VDC

All Drives

Heat Sink Thermistor Monitored by microprocessor overtemp trip

Drive Overcurrent Trip
  Software Current Limit
  Hardware Current Limit
  Instantaneous Current Limit

20-150% of rated current
200% of rated current (typical)
220-300% of rated current (dependent on 
drive rating)

Line Transients up to 6000 volts peak per IEEE C62.41-1991

Control Logic Noise Immunity Showering arc transients up to 1500V peak

Power Ride-Thru 15 milliseconds at full load

Logic Control Ride-Thru 0.5 seconds minimum, 2 seconds typical

Ground Fault Trip Phase-to-ground on drive output

Short Circuit Trip Phase-to-phase on drive output

Intermittent Overload 110% overload capability for up to 1 minute.
150% overload capability for up to 3 seconds.

Current Limit Capability Proactive Current Limit programmable from 
20 to 150% of rated output current. 
Independently programmable proportional 
and integral gain.

Electronic Motor Overload
Protection

Class 10 protection with speed sensitive 
response. Investigated by U.L. to comply with 
N.E.C. Article 430. U.L. File E59272, volume 
12.
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Important: SP600 AC drives rated for 575 VAC input do not 
comply with CE standards.

Important: Removing the adhesive label from the drive changes the 
enclosure rating from Type 1 Enclosed to Open Type.

Table A.2 – Certifications

The drive is designed to meet the following specifications:
NFPA 70 - US National Electrical Code
NEMA ICS 3.1 - Safety standards for Construction and Guide for Selection, 

Installation and Operation of Adjustable Speed Drive Systems.
NEMA 250 - Enclosures for Electrical Equipment
IEC 146 - International Electrical Code.

UL, cUL UL and cUL Listed to UL508C and CAN/CSA-C2.2 No. 14-M91

CE Marked for all applicable Europeon Directives
EMC Directive (89/336/EEC)
Emissions

EN 61800-3 Adjustable Speed electrical power drive systems 
Part 3

Immunity
EN 61800-3 Second Environment, Restricted Distribution

Low Voltage Directive (73/23/EEC)
EN 60204-1 Safety of Machinery – Electrical Equipment of 
Machines
EN 50178 Electronic Equipment for use in Power Installations

Table A.3 – Environment

 Altitude 1000 m (3300 ft) max. without derating

Ambient Operating Temperature
without derating:
NEMA Type 1 / IP20 (20-50 HP)
NEMA Open Type / IP20
  20-40 HP
  50 HP
NEMA Open Type / IP00 (50 HP)

–10 to 40°C (14 to 104°F)1

–10 to 50°C (14 to 122°F)
–10 to 45°C (14 to 113°F)2

–10 to 50°C (14 to 122°F)3

Storage Temperature (all const.)  –40 to 70°C (–40 to 158°F)

Relative Humidity 5 to 95% non-condensing

Shock 15G peak for 11ms duration (±1.0 ms)

Vibration 0.152 mm (0.006 in.) displacement, 1G 
peak

1 To operate the drive between 40°C to 50°C (105°F to 122°F) ambient, remove the 
adhesive label fixed to the top of the drive enclosure.

2 To operate the drive between 40°C to 45°C (105°F to 113°F) ambient, remove the 
adhesive label fixed to the top of the drive enclosure.

3 To operate the drive between 45°C to 50°C (113°F to 122°F) ambient, remove the 
adhesive label fixed to the top of the drive enclosure and the drive enclosure bottom 
plate.
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Table A.4 – Voltage Ratings

Voltage Tolerance –10% of minimum, +10% of maximum.

Frequency Tolerance 47-63 Hz

Input Phases Three-phase input provides full rating 
for all drives. Single-phase operation 
provides 50% of rated current.

Displacement Power Factor Range between 1.0 nd 0.95 lagging 
over entire speed range

Efficiency 97.5% at rated amps, nominal line volts.

Max. Short Circuit Current Rating
Using Recommended Fuse or
Circuit Breaker Type

Maximum short circuit current rating to 
match specified fuse/circuit breaker 
capability.

Table A.5 – Control Specifications

Method Sine coded PWM with programmable carrier 
frequency. Ratings apply to all drives . The 
drive can be supplied as 6-pulse or 12-pulse 
in a configured package.

Carrier Frequency 2-10 kHz. Drive rating based on 4 kHz.

Output Voltage Range 0 to rated motor voltage

Output Frequency Range 0 to 400 Hz.

Frequency Accuracy
Digital Input
Analog Input

Within ±0.01% of set output frequency.
Within ±0.4% of maximum output frequency.

Speed Regulation
Open Loop with Slip 
Compensation

±0.5% of base speed across 40:1 speed 
range

Selectable Motor Control Sensorless Vector with full tuning. Standard 
V/Hz with full custom capability. 

Stop Modes Multiple programmable stop modes including 
Ramp, Coast, DC-Brake, Ramp-to-Hold and 
S-curve.

Accel/Decel Two independently programmable accel and 
decel times. Each time may be programmed 
from 0 - 3600 seconds in 0.1 second 
increments.
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Table A.6 – Analog Interface Specifications

Analog Input 1, 
Differential Voltage Input
  Signal level
  Differential Input resistance
  Isolation
  Resolution
  Input processing period

-10V to +10V
100kΩ 
160V
11 bits plus sign
5ms

Analog Input 1, 
Differential Current Input
  Signal level
  Differential Input resistance
  Resolution
  Input processing period 

0(4) to 20mA
124Ω 
11 bits plus sign
5ms

Analog Input 2, 
Differential Voltage Input
  Signal level
  Differential Input resistance
  Initial accuracy (@25°C)
  Resolution
  Input processing period

-10V to +10V
100kΩ 
160V
11 bits plus sign
5ms

Analog Input 2, 
Differential Current Input
   Signal level
  Differential Input resistance
  Resolution
  Input processing period 

0(4) to 20mA
124Ω 
11 bits plus sign
5ms

Analog Output
  Analog output voltage range
  Loading impedance
  Resolution
  Output processing period

-10V to +10V
2kΩ minimum
11 bits plus sign
5ms

Reference Power Supply
  Output Voltage
  Potentiometer resistance range

±10V
2kΩ to 10kΩ  (15 mA max. load)
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Table A.7 – Logic Interface Specifications

24V Power Supply
  Output Voltage
  Output Current 

24V to 28V
150mA maximum

Six Digital Inputs
  Input voltage
  Logic thresholds

  Input resistance
  Isolation
  Assertion response (hardware only)
  Negation response (hardware only)

24V I/O board only
24V (nominal)
logic 0: Vin < 3.2V; 
logic 1: Vin > 19.2V
2kΩ
±25V
9ms maximum
1ms maximum

Two Form C Relay Outputs
  Maximum Contact Voltage
  Contact rating for resistive load
  Contact rating for inductive loads

250VAC, 220VDC
2 A at 250 VAC / 30 VDC
2 A at 250 VAC / 30 VDC
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APPENDIX B
Using the LCD OIM

The LCD Operator Interface Module (OIM) is a keypad/display that 
enables you to program, monitor, and control the drive.

B.1 Connections
The LCD OIM can be used in the following ways:

Drive mounted - The OIM connects directly to the drive using DPI 
port 1. 

Hand-held - A cable (RECBL-LCD) must be used to convert the 
OIM for hand-held use.  The maximum cable length is 32 feet using 
extender cables. Connect the cable to either DPI port 2 or 3.

Remote mounted - A NEMA 4 remote mount OIM is available. The 
maximum cable length is 32 feet using extender cables. Connect 
the cable to either DPI port 2 or 3.

See figure 2.2 in chapter 2 for the connection points on the drive.

Figure B.1 – SP600 LCD OIM

text

F1
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PROG

JOG

F2 F3 F4

o I

Refer to 
section B.3
for the 
display 
description.

Refer to
section B.4
for the key
descriptions.
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B.2 Installing and Removing the Local LCD OIM
To install the local LCD OIM, slide the OIM into the slot on the front 
of the drive until it clicks into place.

To remove the local LCD OIM, press the tab at the top of the drive 
to release the OIM while pushing the OIM from the bottom to slide it 
out of the drive.

B.2.1 Removing the Local LCD OIM While the Drive is Powered 

If the local LCD OIM is the selected control source, removing the 
OIM while the drive is powered will cause a drive fault.

If the local LCD OIM is not the selected control source, but is the 
reference source, removing the OIM while the drive is powered will 
result in a zero reference value.  When the OIM is replaced, the 
drive will ramp to the reference level supplied by the OIM.

If the local LCD OIM is not the selected control source or reference 
source, removing the OIM while the drive is powered will have no 
effect on drive operation. 

Figure B.2 – Installing and Removing the Local LCD OIM
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!
ATTENTION: Removing and replacing the LCD OIM 
while the drive is running may cause an abrupt speed 
change if the LCD OIM is the selected reference 
source, but is not the selected control source. The 
drive will ramp to the reference level provided by the 
OIM at the rate specified in Accel Time 1 (140), Accel 
Time 2 (141), Decel Time 1 (142) and Decel Time 2 
(143). Be aware that an abrupt speed change may 
occur depending upon the new reference level and 
the rate specified in these parameters. Failure to 
observe this precaution could result in bodily injury.

Push the OIM
up and slide it
out of the drive 

To install:

Slide OIM into
the slot on the 
front of the drive
until it clicks into
place.
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B.3 Display Description

➀ Function Key (F1, F2, F3, F4) definitions

➁ Port/peripheral identification. Identifies port or 
peripheral on DPI about which the OIM is displaying 
information. See section B.6.

➂ Direction indicator. Indicates actual motor direction.

➃ Operating status (for example, Running, Stopped, etc.)

➄ Alarm annunciation.   = Alarm has occurred.

➅ Auto/Manual mode status.  

➆ Write-protect password status: 

 (unlocked) = password disabled;
 (locked) = password enabled.  See section 10.4

Figure B.3 – The Display (Main Menu Shown)
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B.3.1 Key Descriptions

Table B.1 – Key Functions

Key Function

Scroll through options or user function keys, 
move cursor to the left.

Scroll through options or user functions keys, 
move cursor to the right.

Scroll through options, increase a value, or toggle 
a bit.

Scroll through options, decrease a value, or 
toggle a bit.

Exit a menu, cancel a change to a parameter, or 
toggle between program and process (user) 
display screens.

Enter a menu, select an option, or save changes 
to parameter value

Change motor direction if the OIM is the control 
source. 

Jog the drive if the OIM is the control source.

Stop the drive.  Clear a fault if the OIM is the 
control source.

Start the drive if the OIM is the control source.

F1 though F4: Predefined or user-configured 
functions. The definition of each key is shown 
directly above the key on the display. See item ➀  
in figure B.3.

ESC/
PROG

JOG

F1
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B.4 LCD OIM Menu Structure

Figure B.4 – LCD OIM Menu Structure
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B.5 Powering Up and Adjusting the LCD OIM
The first time the LCD OIM is powered up, you will be prompted to 
select a language for the display text. If the Start-Up routine has not 
been completed, the Start-Up menu is displayed immediately 
following the language selection screen.

On subsequent power ups, if both of these requirements have been 
met, the Main Menu is displayed after the initialization screen.

B.5.1 Selecting the Fast Power Up Feature

The fast power up feature bypasses the initialization screen at 
power up, and the Main Menu is displayed immediately. To select 
this feature, select Fast PwrUp Mode from the Display menu. 

B.5.2 Adjusting the Screen Contrast

To adjust the screen contrast, select Contrast from the Display 
menu.

B.5.3 Resetting the Display

To return all the options for the display to factory-default values, 
select Reset Display from the Display menu. 

B.6 Selecting a Device in the System
The LCD OIM can access and display data from any active drive or 
peripheral device on the network.  The drive (port 0) is the default 
device selected.

To select a device, select the Device Select icon from the Main 
Menu. The options listed depend on what is connected to the 
network. 

The name and DPI port number of the device being accessed is 
shown on the OIM’s display (see figure B.3).

B.7 Using the LCD OIM to Program the Drive
The LCD OIM enables you to view and adjust parameters in the 
drive or in peripheral devices connected to the drive. The 
parameters available for viewing or adjustment depend on the 
device selected. See section B.6 for information about selecting a 
device.

The method of viewing and adjusting parameters is the same 
regardless of the device selected.
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B.7.1 Viewing and Adjusting Parameters

Refer to chapter 10 for information on how to access the parameters 
in the drive.

Each parameter screen contains the following information:

• Parameter number

• Parameter name

• Current parameter value and units

• Parameter range

• F1 key defined as a toggle to enable you to view the 
parameter’s current value and the factory-default value 

See figure B.5 and table B.2 for instructions on how to adjust the 
parameter values.

Figure B.5 – Adjusting Parameters
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            value (see table B.2),
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If you do not want to save the
value, press           to return to the
initial parameter screen.  You can
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ESC/
PROG

(The screen shown here was
accessed using the
Parameters>P Numbers path)

The F1 key is defined as a
toggle to enable you to view the
parameter's current value and
the factory-default value.
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To restore all parameters to their factory-default values, select 
Reset Defaults from the Memory Storage menu. 

Note that the parameter values are retained through a line dip or 
power shutdown.

B.7.2 Loading and Saving User Sets

Drive  configurations, called user sets, can be saved and recalled for 
use at any time. Up to three user sets can be saved in the SP600 
drive. 

To save the current drive configuration, select Save to User Set 
from the Memory Storage menu.

To recall, or load, a user set, select Load Frm Usr Set from the 
Memory Storage menu.

To identify which user set is active, select Active User Set from the 
Memory Storage menu. The name of the last user set to be loaded 
into the drive will be displayed. “Active Set” means factory defaults 
have been restored.

Table B.2 – How to Adjust Each Parameter Type

Parameter 
Type How to Adjust

Numbered List Use up/down arrow keys to advance through the list of 
options.

Bit Use  to move the cursor to the bit location you 

want to change. Use  to change the value of the 
bit.

Numeric
Use  to increase or decrease the value.

- Or -

Use  to move the cursor from digit to digit, and 
use  to increase or decrease the value of the 
digit.
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B.8 Monitoring the Drive Using the Process Display 
Screen on the LCD OIM
The process display screen enables you to monitor up to three 
process variables (six on frames 2 and 3. Use a function key 
programmed as Next to toggle bwtween the process display 
variables). You can select the display, parameter, scale, and text for 
each process variable being displayed.

The  key toggles between the programming screen and the 
process display screen. From the Main Menu screen, press F1 or 
F2 to select the process display screen. In addition, the process 
display screen becomes active if no keys have been pressed before 
the display timeout period expires. See section B.8.4 for information 
about setting the display timeout period.

B.8.1 Displaying and Changing the OIM Reference

You can display the reference value that the OIM is sending to the 
drive by pressing the up or down arrow key once when the process 
display screen is active. See figure B.7. The OIM reference can be 
used for the speed reference, PI reference, or trim reference.

To change the displayed reference, press and hold down either the 
up or down arrow key until the desired value is displayed. Release 
the key to return to the process display screen.

Figure B.6 – Process (User) Display Screen
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Figure B.7 – OIM Reference Displayed
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Note that changing the value of the OIM reference does not affect 
the value of any other port reference.

The value of the OIM reference is saved through a power cycle if 
parameter 192 (Save OIM Ref) is set to save at power down.

B.8.2 Customizing the Process Display Screen

To customize the process display screen, select Monitor from the 
Display menu.  See figure B.8.

B.8.3 Customizing the Function Keys

The function keys (F1, F2, F3, and F4, also called F-Keys) on the 
OIM can be customized to perform several pre-configured functions 
when the process display screen is active. 

Up to eight function keys can be configured. Pressing  while 
the display screen is active toggles between each set of four 
functions.

As shipped from the factory, the F1 key is configured for the 
Auto/Manual selection function and the F4 key is configured for the 
Clear Fault Queue function. 

To assign a function to an F-Key, select the Display icon from the 
Main Menu as shown in figures B.9 and B.10.

The F-Key definitions are the same for all OIMs connected to the 
drive, regardless of the port used.

Figure B.8 – Customizing the Process Display Screen
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Select from the list of preconfigured functions:

Undefined (default)

Load User Set 1-3: Loads the specified user set into active drive 
memory. The drive responds as if a value had been entered in Load 
Frm User Set (198), or Load Frm Usr Set was selected from the 
OIM’s Memory Storage menu.

Save User Set 1-3: Saves the active configuration to drive memory. 
The drive responds as if a value had been entered in Save to User 
Set (199) or Save to User Set was selected from the OIM’s Memory 
Storage menu.

Acc/Dec Change: Toggles between the display of Acc/Dec rate 1 
and Acc/Dec rate 2 (The value the drive is configured to go to, not 
the current value being used by the drive).  This selection is based 
on the active value of the rate parameters (140-143). Therefore, 
when any of these parameters change, the actual acc/dec rates will 
dynamically change.

Preset Speed 1-6: Toggles the selected preset speed on and off 
and grants Manual reference control. Returns to Auto reference 
when the function is toggled.

Figure B.9 – Accessing the Function Key Configuration Screens
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!
ATTENTION: Loading a user set with LevelSense 
Start (168) set to Enable can result in the drive 
starting immediately when all start conditions are 
met.
When this function is enabled, the user must ensure 
that automatic start up of the driven equipment will not 
cause injury to operating personnel or damage to the 
driven equipment. In addition, the user is responsible 
for providing suitable audible or visual alarms or other 
devices to indicate that this function is enabled and 
the drive may start at any moment. Failure to observe 
this precaution could result in severe bodily injury or 
loss of life.



B-12  SP600 AC Drive User Manual

Auto/Manual: Toggles between Auto and Manual reference control. 
The text above the function key will change to indicate the 
command that will be issued when the key is pressed.

View Fault Queue: Displays the Fault Queue screen (see chapter 
12). Press  to return to the process display screen.

Next: Toggles to next set of three process display variables.

B.8.3.1 Customizing the Function Key Label Text

You can customize the text for each function key label (up to five 
characters). See figure B.10.

!
ATTENTION: When switching from Auto to Manual 
or Manual to Auto, the drive will ramp to the reference 
level provided by the new source at the rate specified 
in Accel Time 1 (140), Decel Time 1 (142), Accel 
Time 2 (141), or Decel Time 2 (143). Be aware that 
an abrupt speed change may occur depending upon 
the new reference level and rate specified in these 
parameters. Failure to observe this precaution could 
result in bodily injury.
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Figure B.10 – Customizing the Function Key Label Text
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B.8.4 Setting the Display Timeout Period

When the OIM is inactive (that is, no keys have been pressed) for a 
user-specified period of time, the process display screen becomes 
active. To return to the previously active screen, press any key. To 
return to the Main Menu, press .

To set the display timeout period, select Display Timeout from the 
Display menu. The timeout period can range from 10 to 1200 
seconds (20 minutes). 

This feature can also be disabled by pressing the F1 key while in the 
display time screen.

Note that each OIM connected to the drive can have a different 
timeout period.

B.8.5 Using Reverse Video for the Process Display Screen

To select normal or reverse video for the process display screen,  
select Display Video from the Display menu. See figure B.11 for 
sample screens.

Note that each OIM connected to the drive can have a different 
display mode.

B.9 Controlling the Drive From the LCD OIM
When the OIM is the selected control source, it can be used to 
control the drive:

• Start (Run)

• Stop

• Clear Faults

• Jog

• Select direction

Note that pressing two OIM keys at the same time will cause no 
command to be sent to the drive. For example, attempting to 
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PROG

Figure B.11 – Selecting Reverse Video for the Process Display Screen
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change direction while jogging from the same OIM will cause the 
drive to stop.

B.9.1 Selecting the Logic and Reference Source

Parameters 89 (Logic Source Sel) and 90 (Ref Source Sel) are 
used to select the drive control and speed reference sources. These 
parameters are grouped in the Control Src Select menu. See figure 
B.12.

Both of these parameters can also be accessed individually through 
the Parameters menu.
Refer to chapter 12 for a description of the parameters.

B.9.2 Starting the Drive

When the OIM is the selected control source, pressing  issues 
a start command to the drive.

B.9.3 Stopping the Drive

Pressing  will issue a stop command to the drive. 

Important: Stop commands from any attached OIM will always be 
enabled.

Figure B.12 – Selecting the Control and Reference Source

!
ATTENTION: Removing and replacing the LCD OIM 
while the drive is running may cause an abrupt speed 
change if the LCD OIM is the selected reference 
source, but is not the selected control source. The 
drive will ramp to the reference level provided by the 
OIM at the rate specified in Accel Time 1 (140), Accel 
Time 2 (141), Decel Time 1 (142) and Decel Time 2 
(143). Be aware that an abrupt speed change may 
occur depending upon the new reference level and 
the rate specified in these parameters. Failure to 
observe this precaution could result in bodily injury.

Monitor Lang

P0: SP600

AutoStopped

Main Menu

Control Src Sel

Highlight Control Src Sel icon

Control Src Sel:

Speed Ref A Sel

 Logic Source Sel

>>
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B.9.4 Changing Motor Direction

When the OIM is the selected control source, pressing  toggles 
motor direction. 

When  is pressed, the motor ramps down to 0 Hz and then 
ramps up to the set speed in the opposite direction.

If the drive is running when the direction is changed, the reference 
to the motor changes based on Accel/Decel time.

B.9.5 Jogging the Drive

When the OIM is the selected control source, pressing  sends a 
jog command to the motor as long as the key is pressed.

JOG



Parameters Cross-Referenced by Name C-1

APPENDIX C
Parameters

Cross-Referenced
by Name

The following table lists the complete set of SP600 parameters in 
alphabetical order.

Parameter Name No. Path (File>Group)
Page
 No.

Accel Time 1 140 Dynamic Control>Ramp Rates 11-36

Accel Time 2 141 Dynamic Control>Ramp Rates 11-36

Alarm 1 @ Fault 229 Utility>Diagnostics 11-63

Alarm 2 @ Fault 230 Utility>Diagnostics 11-63

Alarm Config 1 259 Utility>Alarms 11-66

Analog In 1 Hi 322 Inputs & Outputs>Analog Inputs 11-74

Analog In 1 Lo 323 Inputs & Outputs>Analog Inputs 11-74

Analog In 1 Loss 324 Inputs & Outputs>Analog Inputs 11-75

Analog In 2 Hi 325 Inputs & Outputs>Analog Inputs 11-75

Analog In 2 Lo 326 Inputs & Outputs>Analog Inputs 11-76

Analog In 2 Loss 327 Inputs & Outputs>Analog Inputs 11-76

Analog In1 Value 16 Monitor>Metering 11-8

Analog In2 Value 17 Monitor>Metering 11-8

Analog Out1 Hi 343 Inputs & Outputs>Analog Outputs 11-78

Analog Out1 Lo 344 Inputs & Outputs>Analog Outputs 11-79

Analog Out1 Sel 342 Inputs & Outputs>Analog Outputs 11-78

Anlg In Config 320 Inputs & Outputs>Analog Inputs 11-72

Anlg In Sqr Root 321 Inputs & Outputs>Analog Inputs 11-73

Anlg Out Absolut 341 Inputs & Outputs>Analog Outputs 11-77

Anlg Out Config 340 Inputs & Outputs>Analog Outputs 11-77

Auto Rstrt Delay 175 Dynamic Control>Stop/Restart Modes 11-46

Auto Rstrt Tries 174 Dynamic Control>Stop/Restart Modes 11-44
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Autotune 61 Motor Control>Torq Attributes 11-16

Break Frequency 72 Motor Control>Volts per Hertz 11-18

Break Voltage 71 Motor Control>Volts per Hertz 11-18

Bus Reg Kd 165 Dynamic Control>Stop/Brake Modes 11-43

Bus Reg Ki 160 Dynamic Control>Stop/Brake Modes 11-40

Bus Reg Kp 164 Dynamic Control>Stop/Brake Modes 11-42

Bus Reg Mode A 161 Dynamic Control>Stop/Brake Modes 11-41

Bus Reg Mode B 162 Dynamic Control>Stop/Brake Modes 11-41

CarrierFrequency 151 Dynamic Control>Load Limits 11-38

Commanded Freq 2 Monitor>Metering 11-5

Compensation 56 Motor Control>Torq Attributes 11-14

Control SW Ver 29 Monitor>Drive Data 11-9

Current Lmt Gain 149 Dynamic Control>Load Limits 11-38

Current Lmt Sel 147 Dynamic Control>Ramp Rates 11-37

Current Lmt Val 148 Dynamic Control>Load Limits 11-38

Data In A1 - Link A Word 1 300 Communication>Datalinks 11-70

Data In A2 - Link A Word 2 301 Communication>Datalinks 11-70

Data In B1 - Link B Word 1 302 Communication>Datalinks 11-70

Data In B2 - Link B Word 2 303 Communication>Datalinks 11-70

Data In C1 - Link C Word 1 304 Communication>Datalinks 11-71

Data In C2 - Link C Word 2 305 Communication>Datalinks 11-71

Data In D1 - Link D Word 1 306 Communication>Datalinks 11-71

Data In D2 - Link D Word 2 307 Communication>Datalinks 11-72

Data Out A1 - Link A Word 1 310 Communication>Datalinks 11-71

Data Out A2 - Link A Word 2 311 Communication>Datalinks 11-71

Data Out B1 - Link B Word 1 312 Communication>Datalinks 11-72

Data Out B2 - Link B Word 2 313 Communication>Datalinks 11-72

Data Out C1 - Link C Word 1 314 Communication>Datalinks 11-72

Data Out C2 - Link C Word 2 315 Communication>Datalinks 11-72

Data Out D1 - Link D Word 1 316 Communication>Datalinks 11-71

Data Out D2 - Link D Word 2 317 Communication>Datalinks 11-72

DB Resistor Type 163 Dynamic Control>Stop/Brake Modes 11-42

DC Brake Level 158 Dynamic Control>Stop/Brake Modes 11-40

DC Brake Lvl Sel 157 Dynamic Control>Stop/Brake Modes 11-39

DC Brake Time 159 Dynamic Control>Stop/Brake Modes 11-40

DC Bus Memory 13 Monitor>Metering 11-7

Parameter Name No. Path (File>Group)
Page
 No.
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DC Bus Voltage 12 Monitor>Metering 11-7

Decel Time 1 142 Dynamic Control>Ramp Rates 11-37

Decel Time 2 143 Dynamic Control>Ramp Rates 11-37

Dig In Status 216 Utility>Diagnostics
Inputs & Outputs>Digital Inputs

11-59

Dig Out Status 217 Utility>Diagnostics
Inputs & Outputs>Digital Outputs

11-60

Dig Out1 Level 381 Inputs & Outputs>Digital Outputs 11-89

Dig Out1 OffTime 383 Inputs & Outputs>Digital Outputs 11-89

Dig Out1 OnTime 382 Inputs & Outputs>Digital Outputs 11-89

Dig Out2 Level 385 Inputs & Outputs>Digital Outputs 11-91

Dig Out2 OffTime 387 Inputs & Outputs>Digital Outputs 11-91

Dig Out2 OnTime 386 Inputs & Outputs>Digital Outputs 11-91

Digital In1 Sel 361 Inputs & Outputs>Digital Inputs 11-80

Digital In2 Sel 362 Inputs & Outputs>Digital Inputs 11-80

Digital In3 Sel 363 Inputs & Outputs>Digital Inputs 11-80

Digital In4 Sel 364 Inputs & Outputs>Digital Inputs 11-80

Digital In5 Sel 365 Inputs & Outputs>Digital Inputs 11-80

Digital In6 Sel 366 Inputs & Outputs>Digital Inputs 11-80

Digital Out1 Sel 380 Inputs & Outputs>Digital Outputs 11-88

Digital Out2 Sel 384 Inputs & Outputs>Digital Outputs 11-90

Direction Mode 190 Utility>Direction Config 11-50

Drive Alarm 1 211 Utility>Diagnostics
Utility>Alarms

11-57

Drive Alarm 2 212 Utility>Diagnostics
Utility>Alarms

11-57

Drive Checksum 203 Utility>Drive Memory 11-54

Drive Logic Rslt 271 Communication>Comm Control 11-67

Drive OL Count 219 Utility>Diagnostics 11-60

Drive OL Mode 150 Dynamic Control>Load Limits 11-38

Drive Ramp Rslt 273 Communication>Comm Control 11-68

Drive Ref Rslt 272 Communication>Comm Control 11-67

Drive Status 1 209 Utility>Diagnostics 11-55

Drive Status 2 210 Utility>Diagnostics 11-56

Drive Temp 218 Utility>Diagnostics 11-60

Elapsed MWh 9 Monitor>Metering 11-6

Elapsed Run Time 10 Monitor>Metering 11-7

Parameter Name No. Path (File>Group)
Page
 No.
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Fault Amps 225 Utility>Diagnostics 11-61

Fault Bus Volts 226 Utility>Diagnostics 11-61

Fault Clear 240 Utility>Faults 11-65

Fault Clear Mode 241 Utility>Faults 11-65

Fault Config 1 238 Utility>Faults 11-65

Fault Frequency 224 Utility>Diagnostics 11-61

Flux Current 5 Monitor>Metering 11-6

Flux Current Ref 63 Motor Control>Torq Attributes 11-17

Flux Up Mode 57 Motor Control>Torq Attributes 11-15

Flux Up Time 58 Motor Control>Torq Attributes 11-15

Flying Start En 169 Dynamic Control>Stop/Restart Modes 11-44

Flying StartGain 170 Dynamic Control>Stop/Restart Modes 11-44

IR Voltage Drop 62 Motor Control>Torq Attributes 11-17

Ixo Voltage Drop 64 Motor Control>Torq Attributes 11-17

Jog Speed 100 Speed Command>Discrete Speeds 11-25

Language 201 Utility>Drive Memory 11-53

Last Stop Source 215 Utility>Diagnostics 11-59

LevelSense Start 168 Dynamic Control>Stop/Restart Modes 11-43

Load Frm Usr Set 198 Utility>Drive Memory 11-52

Logic Source Sel 89 Speed Command>Control Src Select 11-21

Man Ref Preload 193 Utility>OIM Ref Config 11-51

Manual Mask 286 Communication>Masks & Owners 11-68

Manual Owner 298 Communication>Masks & Owners 11-69

Maximum Freq 55 Motor Control>Torq Attributes 11-13

Maximum Speed 82 Speed Command>Spd Mode & Limits 11-20

Maximum Voltage 54 Motor Control>Torq Attributes 11-13

Minimum Speed 81 Speed Command>Spd Mode & Limits 11-19

MOP Frequency 11 Monitor>Metering 11-7

MOP Rate 195 Utility>MOP Config 11-51

Motor NP FLA 42 Motor Control>Motor Data 11-9

Motor NP Hertz 43 Motor Control>Motor Data 11-10

Motor NP Power 45 Motor Control>Motor Data 11-10

Motor NP RPM 44 Motor Control>Motor Data 11-10

Motor NP Volts 41 Motor Control>Motor Data 11-9

Motor OL Count 220 Utility>Diagnostics 11-61

Motor OL Factor 48 Motor Control>Motor Data 11-11

Parameter Name No. Path (File>Group)
Page
 No.
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Motor OL Hertz 47 Motor Control>Motor Data 11-11

Motor Type 40 Motor Control>Motor Data 11-9

Mtr NP Pwr Units 46 Motor Control>Motor Data 11-10

Output Current 3 Monitor>Metering 11-5

Output Freq 1 Monitor>Metering 11-5

Output Power 7 Monitor>Metering 11-6

Output Powr Fctr 8 Monitor>Metering 11-6

Output Voltage 6 Monitor>Metering 11-6

Overspeed Limit 83 Speed Command>Spd Mode & Limits 11-20

Param Access Lvl 196 Utility>Drive Memory

PI Configuration 124 Speed Command>Process PI 11-29

PI Control 125 Speed Command>Process PI 11-30

PI Error Meter 137 Speed Command>Process PI 11-36

PI Fdback Meter 136 Speed Command>Process PI 11-36

PI Feedback Sel 128 Speed Command>Process PI 11-33

PI Integral Time 129 Speed Command>Process PI 11-33

PI Lower Limit 131 Speed Command>Process PI 11-34

PI Output Meter 138 Speed Command>Process PI 11-36

PI Preload 133 Speed Command>Process PI 11-34

PI Prop Gain 130 Speed Command>Process PI 11-33

PI Ref Meter 135 Speed Command>Process PI 11-35

PI Reference Sel 126 Speed Command>Process PI 11-32

PI Setpoint 127 Speed Command>Process PI 11-32

PI Status 134 Speed Command>Process PI 11-35

PI Upper Limit 132 Speed Command>Process PI 11-34

Power Loss Level 186 Dynamic Control>Power Loss 11-49

Power Loss Mode 184 Dynamic Control>Stop/Power Loss 11-49

Power Loss Time 185 Dynamic Control>Stop/Power Loss 11-49

Power Up Marker 242 Utility>Faults 11-66

Preset Speed 1 101 Speed Command>Discrete Speeds 11-25

Preset Speed 2 102 Speed Command>Discrete Speeds 11-25

Preset Speed 3 103 Speed Command>Discrete Speeds 11-25

Preset Speed 4 104 Speed Command>Discrete Speeds 11-25

Preset Speed 5 105 Speed Command>Discrete Speeds 11-25

Preset Speed 6 106 Speed Command>Discrete Speeds 11-25

Preset Speed 7 107 Speed Command>Discrete Speeds 11-25

Parameter Name No. Path (File>Group)
Page
 No.
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Rated Amps 28 Monitor>Drive Data 11-8

Rated kW 26 Monitor>Drive Data 11-8

Rated Volts 27 Monitor>Drive Data 11-8

Reset Meters 200 Utility>Drive Memory 11-53

Reset To Defalts 197 Utility>Drive Memory 11-52

Run Boost 70 Motor Control>Volts per Hertz 11-18

S Curve % 146 Dynamic Control>Ramp Rates 11-37

Save MOP Ref 194 Utility>MOP Config 11-51

Save OIM Ref 192 Utility>OIM Ref Config 11-50

Save To User Set 199 Utility>Drive Memory 11-53

Skip Freq Band 87 Speed Command>Spd Mode & Limits 11-21

Skip Frequency 1 84 Speed Command>Spd Mode & Limits 11-21

Skip Frequency 2 85 Speed Command>Spd Mode & Limits 11-21

Skip Frequency 3 86 Speed Command>Spd Mode & Limits 11-21

Sleep Level 182 Dynamic Control>Restart Modes 11-48

Sleep Time 183 Dynamic Control>Restart Modes 11-49

Sleep-Wake Mode 178 Dynamic Control>Stop/Restart Modes 11-46

Sleep-Wake Ref 179 Dynamic Control>Restart Modes 11-48

Slip Comp Gain 122 Speed Command>Slip Comp 11-28

Slip RPM @ FLA 121 Speed Command>Slip Comp 11-28

Slip RPM Meter 123 Speed Command>Slip Comp 11-28

Speed Mode 80 Speed Command>Spd Mode & Limits 11-18

Speed Ref A Hi 91 Speed Command>Speed References 11-24

Speed Ref A Lo 92 Speed Command>Speed References 11-24

Speed Ref A Sel 90 Speed Command>Control Src Select
Speed Command>Speed References

11-23

Speed Ref Source 213 Utility>Diagnostics 11-58

Start Inhibits 214 Utility>Diagnostics 11-58

Start/Acc Boost 69 Motor Control>Volts per Hertz 11-17

Status 1 @ Fault 227 Utility>Diagnostics 11-62

Status 2 @ Fault 228 Utility>Diagnostics 11-62

Stop Mode A 155 Dynamic Control>Stop/Brake Modes 11-39

Stop Mode B 156 Dynamic Control>Stop/Brake Modes 11-39

Stop Owner 288 Communication>Masks & Owners 11-69

SV Boost Filter 59 Motor Control>Torq Attributes 11-15

TB Man Ref Hi 97 Speed Command>Speed References 11-24

Parameter Name No. Path (File>Group)
Page
 No.
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TB Man Ref Lo 98 Speed Command>Speed References 11-25

TB Man Ref Sel 96 Speed Command>Speed References 11-24

Testpoint 1 Data 235 Utility>Diagnostics 11-64

Testpoint 1 Sel 234 Utility>Diagnostics 11-64

Testpoint 2 Data 237 Utility>Diagnostics 11-64

Testpoint 2 Sel 236 Utility>Diagnostics 11-64

Torque Current 4 Monitor>Metering 11-5

Torque Perf Mode 53 Motor Control>Torq Attributes 11-12

Trim Hi 119 Speed Command>Speed Trim 11-27

Trim In Select 117 Speed Commands>Speed Trim 11-26

Trim Lo 120 Speed Command>Speed Trim 11-27

Trim Out Select 118 Speed Command>Speed Trim 11-27

Wake Level 180 Dynamic Control>Restart Modes 11-48

Wake Time 181 Dynamic Control>Restart Modes 11-48

Voltage Class 202 Utility>Drive Memory 11-54

Parameter Name No. Path (File>Group)
Page
 No.
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APPENDIX D
Analog  Input Selection Path
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APPENDIX E
Process PI Block Diagram
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Record of User Settings: Advanced Access Level F-1

APPENDIX F
Record of

 User Settings:
Advanced Access Level

No. Parameter Name Path (File>Group) Setting

40 Motor Type Motor Control>Motor Data

41 Motor NP Volts Motor Control>Motor Data

42 Motor NP FLA Motor Control>Motor Data

43 Motor NP Hertz Motor Control>Motor Data

44 Motor NP RPM Motor Control>Motor Data

45 Motor NP Power Motor Control>Motor Data

46 Mtr NP Pwr Units Motor Control>Motor Data

47 Motor OL Hertz Motor Control>Motor Data

48 Motor OL Factor Motor Control>Motor Data

53 Torque Perf Mode Motor Control>Torq Attributes

54 Maximum Voltage Motor Control>Torq Attributes

55 Maximum Freq Motor Control>Torq Attributes

56 Compensation Motor Control>Torq Attributes

57 Flux Up Mode Motor Control>Torq Attributes

58 Flux Up Time Motor Control>Torq Attributes

59 SV Boost Filter Motor Control>Torq Attributes

61 Autotune Motor Control>Torq Attributes

62 IR Voltage Drop Motor Control>Torq Attributes

63 Flux Current Ref Motor Control>Torq Attributes

64 Ixo Voltage Drop Motor Control>Torq Attributes

69 Start/Acc Boost Motor Control>Volts per Hertz

70 Run Boost Motor Control>Volts per Hertz

71 Break Voltage Motor Control>Volts per Hertz

72 Break Frequency Motor Control>Volts per Hertz

80 Speed Mode Speed Command>Spd Mode & Limits
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81 Minimum Speed Speed Command>Spd Mode & Limits

82 Maximum Speed Speed Command>Spd Mode & Limits

83 Overspeed Limit Speed Command>Spd Mode & Limits

84 Skip Frequency 1 Speed Command>Spd Mode & Limits

85 Skip Frequency 2 Speed Command>Spd Mode & Limits

86 Skip Frequency 3 Speed Command>Spd Mode & Limits

87 Skip Freq Band Speed Command>Spd Mode & Limits

89 Logic Source Sel Speed Command>Control Src Select

90 Speed Ref A Sel Speed Command>Control Src Select
Speed Command>Speed References

91 Speed Ref A Hi Speed Command>Speed References

92 Speed Ref A Lo Speed Command>Speed References

96 TB Man Ref Sel Speed Command>Speed References

97 TB Man Ref Hi Speed Command>Speed References

98 TB Man Ref Lo Speed Command>Speed References

100 Jog Speed Speed Command>Discrete Speeds

101 Preset Speed 1 Speed Command>Discrete Speeds

102 Preset Speed 2 Speed Command>Discrete Speeds

103 Preset Speed 3 Speed Command>Discrete Speeds

104 Preset Speed 4 Speed Command>Discrete Speeds

105 Preset Speed 5 Speed Command>Discrete Speeds

106 Preset Speed 6 Speed Command>Discrete Speeds

107 Preset Speed 7 Speed Command>Discrete Speeds

117 Trim In Select Speed Commands>Speed Trim

118 Trim Out Select Speed Command>Speed Trim

119 Trim Hi Speed Command>Speed Trim

120 Trim Lo Speed Command>Speed Trim

121 Slip RPM @ FLA Speed Command>Slip Comp

122 Slip Comp Gain Speed Command>Slip Comp

123 Slip RPM Meter Speed Command>Slip Comp

124 PI Configuration Speed Command>Process PI

125 PI Control Speed Command>Process PI

126 PI Reference Sel Speed Command>Process PI

127 PI Setpoint Speed Command>Process PI

128 PI Feedback Sel Speed Command>Process PI

129 PI Integral Time Speed Command>Process PI

130 PI Prop Gain Speed Command>Process PI

No. Parameter Name Path (File>Group) Setting
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131 PI Lower Limit Speed Command>Process PI

132 PI Upper Limit Speed Command>Process PI

133 PI Preload Speed Command>Process PI

140 Accel Time 1 Dynamic Control>Ramp Rates

141 Accel Time 2 Dynamic Control>Ramp Rates

142 Decel Time 1 Dynamic Control>Ramp Rates

143 Decel Time 2 Dynamic Control>Ramp Rates

146 S Curve % Dynamic Control>Ramp Rates

147 Current Lmt Sel Dynamic Control>Ramp Rates

148 Current Lmt Val Dynamic Control>Load Limits

149 Current Lmt Gain Dynamic Control>Load Limits

150 Drive OL Mode Dynamic Control>Load Limits

151 CarrierFrequency Dynamic Control>Load Limits

155 Stop Mode A Dynamic Control>Stop/Brake Modes

156 Stop Mode B Dynamic Control>Stop/Brake Modes

157 DC Brake Lvl Sel Dynamic Control>Stop/Brake Modes

158 DC Brake Level Dynamic Control>Stop/Brake Modes

159 DC Brake Time Dynamic Control>Stop/Brake Modes

160 Bus Reg Gain Dynamic Control>Stop/Brake Modes

161 Bus Reg Mode A Dynamic Control>Stop/Brake Modes

162 Bus Reg Mode B Dynamic Control>Stop/Brake Modes

163 DB Resistor Type Dynamic Control>Stop/Brake Modes

164 Bus Reg Kp Dynamic Control>Stop/Brake Modes

165 Bus Reg Kd Dynamic Control>Stop/Brake Modes

168 LevelSense Start Dynamic Control>Stop/Restart Modes

169 Flying Start En Dynamic Control>Stop/Restart Modes

170 Flying StartGain Dynamic Control>Stop/Restart Modes

174 Auto Rstrt Tries Dynamic Control>Stop/Restart Modes

175 Auto Rstrt Delay Dynamic Control>Stop/Restart Modes

178 Sleep-Wake Mode Dynamic Control>Stop/Restart Modes

179 Sleep-Wake Ref Dynamic Control>Restart Modes

180 Wake Level Dynamic Control>Restart Modes

181 Wake Time Dynamic Control>Restart Modes

182 Sleep Level Dynamic Control>Restart Modes

183 Sleep Time Dynamic Control>Restart Modes

184 Power Loss Mode Dynamic Control>Stop/Power Loss

No. Parameter Name Path (File>Group) Setting
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185 Power Loss Time Dynamic Control>Stop/Power Loss

186 Power Loss Level Dynamic Control>Power Loss

190 Direction Mode Utility>Direction Config

192 Save OIM Ref Utility>OIM Ref Config

193 Man Ref Preload Utility>OIM Ref Config

194 Save MOP Ref Utility>MOP Config

195 MOP Rate Utility>MOP Config

196 Param Access Lvl Utility>Drive Memory

197 Reset To Defalts Utility>Drive Memory

198 Load Frm Usr Set Utility>Drive Memory

199 Save To User Set Utility>Drive Memory

200 Reset Meters Utility>Drive Memory

201 Language Utility>Drive Memory

202 Voltage Class Utility>Drive Memory

234 Testpoint 1 Sel Utility>Diagnostics

235 Testpoint 1 Data Utility>Diagnostics

236 Testpoint 2 Sel Utility>Diagnostics

237 Testpoint 2 Data Utility>Diagnostics

238 Fault Config 1 Utility>Faults

240 Fault Clear Utility>Faults

241 Fault Clear Mode Utility>Faults

259 Alarm Config 1 Utility>Alarms

286 Manual Mask Communication>Masks & Owners

300 Data In A1 - Link A Word 1 Communication>Datalinks

301 Data In A2 - Link A Word 2 Communication>Datalinks

302 Data In B1 - Link B Word 1 Communication>Datalinks

303 Data In B2 - Link B Word 2 Communication>Datalinks

304 Data In C1 - Link C Word 1 Communication>Datalinks

305 Data In C2 - Link C Word 2 Communication>Datalinks

306 Data In D1 - Link D Word 1 Communication>Datalinks

307 Data In D2 - Link D Word 2 Communication>Datalinks

310 Data Out A1 - Link A Word 1 Communication>Datalinks

311 Data Out A2 - Link A Word 2 Communication>Datalinks

312 Data Out B1 - Link B Word 1 Communication>Datalinks

313 Data Out B2 - Link B Word 2 Communication>Datalinks

314 Data Out C1 - Link C Word 1 Communication>Datalinks

No. Parameter Name Path (File>Group) Setting



Record of User Settings: Advanced Access Level F-5

315 Data Out C2 - Link C Word 2 Communication>Datalinks

316 Data Out D1 - Link D Word 1 Communication>Datalinks

317 Data Out D2 - Link D Word 2 Communication>Datalinks

320 Anlg In Config Inputs & Outputs>Analog Inputs

321 Anlg In Sqr Root Inputs & Outputs>Analog Inputs

322 Analog In 1 Hi Inputs & Outputs>Analog Inputs

323 Analog In 1 Lo Inputs & Outputs>Analog Inputs

324 Analog In 1 Loss Inputs & Outputs>Analog Inputs

325 Analog In 2 Hi Inputs & Outputs>Analog Inputs

326 Analog In 2 Lo Inputs & Outputs>Analog Inputs

327 Analog In 2 Loss Inputs & Outputs>Analog Inputs

340 Anlg Out Config Inputs & Outputs>Analog Outputs

341 Anlg Out Absolut Inputs & Outputs>Analog Outputs

342 Analog Out1 Sel Inputs & Outputs>Analog Outputs

343 Analog Out1 Hi Inputs & Outputs>Analog Outputs

344 Analog Out1 Lo Inputs & Outputs>Analog Outputs

361 Digital In1 Sel Inputs & Outputs>Digital Inputs

362 Digital In2 Sel Inputs & Outputs>Digital Inputs

363 Digital In3 Sel Inputs & Outputs>Digital Inputs

364 Digital In4 Sel Inputs & Outputs>Digital Inputs

365 Digital In5 Sel Inputs & Outputs>Digital Inputs

366 Digital In6 Sel Inputs & Outputs>Digital Inputs

380 Digital Out1 Sel Inputs & Outputs>Digital Outputs

381 Dig Out1 Level Inputs & Outputs>Digital Outputs

382 Dig Out1 OnTime Inputs & Outputs>Digital Outputs

383 Dig Out1 OffTime Inputs & Outputs>Digital Outputs

384 Digital Out2 Sel Inputs & Outputs>Digital Outputs

385 Dig Out2 Level Inputs & Outputs>Digital Outputs

386 Dig Out2 OnTime Inputs & Outputs>Digital Outputs

387 Dig Out2 OffTime Inputs & Outputs>Digital Outputs

No. Parameter Name Path (File>Group) Setting
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A
AC line input fuses, 4-9
Accel Time 1 (140), 11-36
Accel Time 2 (141), 11-36
Access levels, parameter, 10-4
Air flow, required, 3-5
Alarm 1 @ Fault (229), 11-63
Alarm 2 @ Fault (230), 11-63
Alarm Config 1 (259), 11-66
Alarm Queue, 12-5
Alarms

about, 12-5
descriptions, 12-6
names cross-referenced to 

numbers, 12-8
Analog In 1 Hi (322), 11-74
Analog In 1 Lo (323), 11-74
Analog In 1 Loss (324), 11-75
Analog In 2 Hi (325), 11-75
Analog In 2 Lo (326), 11-76
Analog In 2 Loss (327), 11-76
Analog In1 Value (16), 11-8
Analog In2 Value (17), 11-8
Analog input selection path, D-1
Analog inputs, 2-3
Analog Out1 Hi (343), 11-78
Analog Out1 Lo (344), 11-79
Analog Out1 Set (342), 11-78
Analog outputs, 2-3
Anlg In Config (320), 11-72
Anlg In Sqr Root (321), 11-73
Anlg Out Absolute (341), 11-77
Anlg Out Config (340), 11-77
Auto reference sources, 7-10
Auto restart, 2-4
Auto Rstrt Delay (175), 11-46
Auto Rstrt Tries (174), 11-44
Auto/Manual control, 7-11
Auto/Manual selection, 2-3
Autotune, 2-4
Autotune (61), 11-16
Avoidance frequency, see Skip 

Frequency

B
Basic access level parameters, D-1 to 

??
Branch circuit protection, 6-4
Break Frequency (72), 11-18
Break Voltage (71), 11-18
Bus Reg Kd (165), 11-43
Bus Reg Ki (160), 11-40, 11-42
Bus Reg Kp (164), 11-42
Bus Reg Mode A (161), 11-41
Bus Reg Mode B (162), 11-41

C
Carrier Frequency (151), 11-38
CE filters, 2-13
Checking installation, 8-1 to 8-2
Commanded Freq (2), 11-5
Communication options, 2-16
Compensation (56), 11-14
Control and motor wiring diagram, 7-7
Control and signal inputs, 7-2
Control and signal wire sizes, 4-4
Control SW Ver (29), 11-9
Control terminal block, 7-3 to 7-5
ControlNet, 2-16
Cover, removing, 6-1
Current limit, 2-5
Current Lmt Gain (149), 11-38
Current Lmt Sel (147), 11-37
Current Lmt Val (148), 11-38

D
Data In A1 - Link A Word 1 (300), 11-70
Data In A2 - Link A Word 2 (301), 11-70
Data In B1 - Link B Word 1 (302), 11-70
Data In B2 - Link B Word 2 (303), 11-70
Data In C1 - Link C Word 1 (304), 11-71
Data In C2 - Link C Word 2 (305), 11-71
Data In D1 - Link D Word 1 (306), 11-71
Data In D2 - Link D Word 2 (307), 11-71
Data Out A1- Link A Word 1 (310), 11-71
Data Out A2 - Link A Word 2 (311), 11-71
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Data Out B1- Link B Word 1 (312), 11-72
Data Out B2 - Link B Word 2 (313), 11-72
Data Out C1- Link C Word 1 (314), 11-72
Data Out C2 - Link C Word 2 

(315), 11-72
Data Out D1- Link D Word 1 (316), 11-72
Data Out D2 - Link D Word 2 

(317), 11-72
DB Resistor Type (163), 11-42
DC Brake Level (158), 11-40
DC Brake Lvl Sel (157), 11-39
DC Brake Time (159), 11-40
DC Bus Memory (13), 11-7
DC Bus Voltage (12), 11-7
DC bus voltage measuring points, 12-1, 

12-2
DC bus, verifying capacitor voltage, 12-1
Decel Time 1 (142), 11-37
Decel Time 2 (143), 11-37
Device items, how to select, 12-27
Device version, how to determine, 12-26
DeviceNet, 2-16
Dig In Status (216), 11-59
Dig Out Status (217), 11-60
Dig Out1 Level (381), 11-89
Dig Out1 OffTime (383), 11-89
Dig Out1 OnTime (382), 11-89
Dig Out2 Level (385), 11-91
Dig Out2 OffTime (387), 11-91
Dig Out2 OnTime (386), 11-91
Digital In1 Sel (361), 11-80
Digital In2 Sel (362), 11-80
Digital In3 Sel (363), 11-80
Digital In4 Sel (364), 11-80
Digital In5 Sel (365), 11-80
Digital In6 Sel (366), 11-80
Digital Out1 Sel (380), 11-88
Digital Out2 Sel (384), 11-90
Digital outputs, 2-7
Dimensions, drive, 3-6
Direction Mode (190), 11-50
Display timeout period, setting, B-13
DPI interface, 2-7
DPI ports, 2-15
Drive Alarm 1 (211), 11-57
Drive Alarm 2 (212), 11-57
Drive Checksum (203), 11-54
Drive connections, 2-15

terminal blocks, 2-15
Drive Logic Rslt (271), 11-67
Drive OL Count (219), 11-60
Drive OL Mode (150), 11-38

Drive Ramp Rslt (273), 11-68
Drive Ref Rslt (272), 11-67
Drive Status 1 (209), 11-55
Drive Status 2 (210), 11-56
Drive status parameters, accessing 

using LCD OIM, 12-25
Drive Temp (218), 11-60

E
Economizer mode, 2-7
Elapsed MWh (9), 11-6
Elapsed Run Time (10), 11-7
enclosure ratings,NEMA, 2-2
Environmental conditions, meeting, 3-4
External input disconnect, 6-4

F
Fan curve, 2-7
Fault Amps (225), 11-61
Fault Bus Volts (226), 11-61
Fault Clear (240), 11-65
Fault Clear Mode (241), 11-65
Fault Config 1 (238), 11-65
Fault Frequency (224), 11-61
Fault queue

accessing using LCD OIM, 12-24
time stamp, 12-10

Faults
about, 12-9
clearing, 12-11
descriptions and corrective 

actions, 12-12
fault parameters, accessing using 

LCD OIM, 12-25
fault queue, 12-10
names cross-referenced by 

numbers, 12-18
types, 12-9

Features, overview of, 2-3 to 2-13
F-Keys, customizing, B-10
Flux Current (5), 11-6
Flux Current Ref (63), 11-17
Flux Up Mode (57), 11-15
Flux Up Time (58), 11-15
Flying start, 2-8
Flying Start En (169), 11-44
Flying StartGain (170), 11-44
Function keys, see F-Keys
Fuses, input line, 4-9
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G
Grounding, 5-4

I
I/O terminal block, removing, 7-2
Input fuses, 4-9
Input Potentiometer, 7-6
Input power conditioning, 3-3
Input wiring, installing

branch circuit protection, 6-4
input disconnect, 6-4
isolation transformer, 6-3
line reactor, 6-3
procedure, 6-4

Interbus-S, 2-16
IR Voltage Drop (62), 11-17
Ixo Voltage Drop (64), 11-17

J
Jog Speed (100), 11-25
Jumper locations, 3-3

K
Key descriptions, LCD OIM, B-4
Kits and options, communication, 2-16

L
Language (201), 11-53
Last Stop Source (215), 11-59
LCD OIM, see OIM, LCD
LEDs

Network status, 12-4
Ready, 12-4

LevelSense Start (168), 11-43
Line fuses, 4-9
Line reactor, 6-3
Load Frm Usr Set (198), 11-52
Logic Source Sel (89), 11-21

M
Man Ref Preload (193), 11-51
Manual Mask (286), 11-68
Manual Owner (298), 11-69
Manual reference sources, 7-10
Maximum Freq (55), 11-13
Maximum Speed (82), 11-20

Maximum Voltage (54), 11-13
Minimum Speed (81), 11-19
Model numbers, 2-1
MOP Frequency (11), 11-7
MOP Rate (195), 11-51
Motor cable lengths, 2-5
Motor lead lengths, 4-4
Motor NP FLA (42), 11-9
Motor NP Hertz (43), 11-10
Motor NP Power (45), 11-10
Motor NP RPM (44), 11-10
Motor NP Volts (41), 11-9
Motor OL Count (220), 11-61
Motor OL Factor (48), 11-11
Motor OL Hertz (47), 11-11
Motor thermal overload protection, 2-9
Motor Type (40), 11-9
Motor-operated pot (MOP), 2-8
Mounting clearances, 3-5
Mounting, drive

air flow, required, 3-5
area required, 3-6
bolt sizes, 3-7
installation site requirements, 3-4
matching input power, 3-3
unbalanced distribution systems, 3-2
ungrounded distribution systems, 3-2

MOV removal, 3-3
Mtr NP Pwr Units (46), 11-10

N
NEMA enclosure ratings, 2-2
Network data transfer, 2-6
Network status LEDs, 12-4

O
OIM reference, displaying and 

changing, B-9
OIM, LCD

cables, B-1
connections, B-1
display description, B-3
display timeout period, setting, B-13
drive status parameters, 

accessing, 12-25
fast power up, B-6
fault parameters, accessing, 12-25
fault queue, accessing, 12-24
F-Keys, customizing, B-10
installing and removing, B-2
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key descriptions, B-4
loading and saving user sets, B-8
logic and reference source, 

selecting, B-14
menu structure, B-5
monitoring the drive, B-9
parameter access level, 

selecting, 10-4
parameters, accessing, 10-3
parameters, viewing and 

adjusting, B-7
process display screen, B-9
product version, determining, 12-26
program protection, selecting, 10-6
resetting the display, B-6
reverse video, selecting, B-13
screen contrast, adjusting, B-6
selecting a device, B-6
starting the drive, B-14
start-up routines on, 9-1
stopping the drive, B-14
troubleshooting the drive, 12-23
version, how to determine, 12-26
viewing and adjusting 

parameters, B-7
Operator interface, remote, 2-16
Options, communication, 2-16
Output Current (3), 11-5
Output Freq (1), 11-5
Output Power (7), 11-6
Output Powr Fctr (8), 11-6
Output Voltage (6), 11-6
Output wiring, installing, 6-2
Overspeed Limit (83), 11-20

P
Param Access Lvl (196), 11-52
Parameter access level, 2-9
Parameters

access levels, 10-4
accessing using LCD OIM, 10-3
accessing using V*S Utilities, 10-3
Basic access level, D-1 to ??
cross-referenced by name, C-1 to C-7
descriptions, 11-1 to 11-91
organization, 10-2
Quickstart, 9-3
record of user settings, Advanced 

access level, F-1 to F-5
Standard access level, E-1 to ??
types, 10-1
viewing and adjusting using LCD 

OIM, B-7
Password

access level, 10-5
write-protect, 10-6

PE ground, 5-4
PI Configuration (124), 11-29
PI Control (125), 11-30
PI Error Meter (137), 11-36
PI Fdback Meter (136), 11-36
PI Feedback Sel (128), 11-33
PI Integral Time (129), 11-33
PI Lower Limit (131), 11-34
PI Output Meter (138), 11-36
PI Preload (133), 11-34
PI Prop Gain (130), 11-33
PI Ref Meter (135), 11-35
PI Reference Sel (126), 11-32
PI Setpoint (127), 11-32
PI Status (134), 11-35
PI Upper Limit (132), 11-34
Potentiometer, Wiring, 7-6
Power Loss Level (186), 11-49
Power Loss Mode (184), 11-49
Power Loss Time (185), 11-49
power ratings, 2-2
Power terminal block, 2-15, 6-5
Power Up Marker (242), 11-66
Power wire sizes, 4-3
Preset frequency, 2-9
Preset Speed 1 (101), 11-25
Preset Speed 2 (102), 11-25
Preset Speed 3 (103), 11-25
Preset Speed 4 (104), 11-25
Preset Speed 5 (105), 11-25
Preset Speed 6 (106), 11-25
Process display screen, LCD OIM, B-9
Process PI block diagram, E-1
Process PI loop, 2-10
Product version, how to 

determine, 12-26
Profibus, 2-16
Program protection, 10-6
Programming basics, 10-1

Q
Quickstart parameters, 9-3

R
Rated Amps (28), 11-8
Rated kW (26), 11-8
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Rated Volts (27), 11-8
Ready LED, 12-4
Record of user settings

Advanced access level, F-1 to F-5
Reference sources

auto, 7-10
changing, 7-11
manual, 7-10

Reflected wave compensation, 4-5
Reliance, contacting, 1-1
Replacement parts, 12-23
Reset Meters (200), 11-53
Reset To Defalts (197), 11-52
Run Boost (70), 11-18

S
S curve, 2-10
S Curve % (146), 11-37
Safety ground, 5-4
Save MOP Ref (194), 11-51
Save OIM Ref (192), 11-50
Save To User Set (199), 11-53
Shear pin fault, 2-10
Shield termination, 5-4
SHLD terminal, 5-4
Signal terminal block, 7-3 to 7-5
Signal wire sizes, 4-4
Site requirements, 3-2
Skip bands, 2-11
Skip Freq Band (87), 11-21
Skip Frequency 1 (84), 11-21
Skip Frequency 2 (85), 11-21
Skip Frequency 3 (86), 11-21
Sleep Level (182), 11-48
Sleep Time (183), 11-49
Sleep-Wake Mode (178), 11-46
Sleep-Wake Operation, 11-47
Sleep-Wake Ref (179), 11-48
Slip Comp Gain (122), 11-28
Slip RPM @ FLA (121), 11-28
Slip RPM Meter (123), 11-28
Speed control, 2-11
Speed Mode (80), 11-18
Speed Pot, 7-6
Speed Ref A Hi (91), 11-24
Speed Ref A Lo (92), 11-24
Speed Ref A Sel (90), 11-23
Speed Ref Source (213), 11-58
Speed reference control, 7-10
Standard access level parameters, E-1 

to ??
Start Inhibits (214), 11-58

Start/Acc Boost (69), 11-17
Starting the drive using the LCD 

OIM, B-14
Start-Up menu, 9-2
Start-Up routines, 9-1
Status 1 @ Fault (227), 11-62
Status 2 @ Fault (228), 11-62
Stop circuit requirements, 7-1
Stop Mode A (155), 11-39
Stop Mode B (156), 11-39
Stop modes, 2-11
Stop Owner (288), 11-69
Stopping the drive using the LCD 

OIM, B-14
Stopping, user-initiated, 7-2
SV Boost Filter (59), 11-15

T
TB Man Ref Hi (97), 11-24
TB Man Ref Lo (98), 11-25
TB Man Ref Sel (96), 11-24
Testpoint 1 Data (235), 11-64
Testpoint 1 Sel (234), 11-64
Testpoint 2 Data (237), 11-64
Testpoint 2 Sel (236), 11-64
Thermal overload protection, 2-6
Time stamp, fault queue, 12-10
Torque Current (4), 11-5
Torque Perf Mode (53), 11-12
Torques, power terminal, 6-2
Trim Hi (119), 11-27
Trim In Select (117), 11-26
Trim Lo (120), 11-27
Trim Out Select (118), 11-27
Troubleshooting

common symptoms and corrective 
actions, 12-19

using the LCD OIM, 12-23

U
Unbalanced distribution systems, 3-2
Ungrounded distribution systems, 3-2
User sets, 2-12
User sets, loading and saving using LCD 

OIM, B-8

V
Voltage class, 2-12
Voltage Class (202), 11-54
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VS Utilities, 2-16

W
Wake Level (180), 11-48
Wake Time (181), 11-48
Watts loss ratings, 2-2
Wire routing, 5-1 to 5-2

Wire sizes, 4-3
Wiring

Potentiometer, 7-6
wiring

power, 4-3
size, power, 4-3

Wiring diagram, control and motor, 7-7
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ENGINEERING SPECIFICATIONS
SENSAPHONE 2000

I. General

The automatic dialer shall be a self-contained microprocessor controlled system capable of monitoring 8
input channels. The system shall be integrated in construction and shall be installed and configured for
operation by the user via Microsoft Windows® compatible software provided at no charge. In addition, the
software shall provide the ability to produce an internet web page and function as an e-mail server for the
system. Voice message recording shall be accomplished via local or remote touch-tone phone. Input
channels shall be capable of monitoring analog or digital signals utilizing 10-bit resolution.

Upon detection of any alarm or status change, the system shall commence dialing telephone numbers from
a list associated with the particular alarm condition(s) or combination thereof, and deliver the alarm
message via a custom voice message, fax, e-mail, modem, numeric pager or alphanumeric pager. The
voice alarm message shall be delivered in digitized human voice using messages recorded by the user. The
system will continue to call telephone numbers in succession until a positive acknowledgment of the
alarm message is received. Acknowledgment can be accomplished from a voice phone call, a modem
phone call, or by a callback from either a telephone or a computer with modem. Upon answering, the
system shall attempt a data connection. If a connection is made the system shall allow remote access to
programming and operation. If a data connection is not made, the system shall recite a voice status report
and allow access to remote voice message programming.

The system shall be FCC registered for direct connection to the telephone network. The system shall have
a one year warranty from the manufacturer. The system shall be a Sensaphone 2000 by Phonetics, Inc.

II. I/O Channel Attributes and Features

A. Inputs

The system shall come standard with 8 universal input channels. The input resolution shall be 10-bit with
scalable lookup tables. All analog input values shall read to one decimal place. All input channels shall be
user-configurable as:

1. NO or NC digital dry contact, using 0.5mA loop current
2. 4–20mA analog, using custom look up table
3. 0–5V analog, using custom look up table
4. Temperature from thermistor, using 2.8K or 10K devices
5. Run time accumulator
6. Pulse count

The system shall have the following built-in monitoring features:

1. AC power failure detection
2. Low battery detection

All monitored channels, including built-in monitoring features, shall allow local and remote data program-
ming of pertinent operational data including, but not limited to:

1. Input type (NO/NC, 4–20mA and 0–5V analog, thermistor, run time, pulse count)
2. Units of measure (degrees F, degrees C, inches, feet, psi, volts, amps, pounds, gallons)
3. High and Low limits (-99,999.9 to +99,999.9)
4. Input recognition time (0 seconds to 270 minutes)
5. Alarm reset time (0 seconds to 270 minutes)
6. Alarm call list for each channel
7. Enable/Disable for each channel to dialout for alarm



III. Communications Features

A. Communication Methods

The system shall be able to communicate alarms and other status information using the following meth-
ods.

1. Programmable voice
2. Fax
3. Modem
4. Numeric pager
5. Alphanumeric pager
6. Internet E-mail

B. Telephone Specifications

The system shall connect to a standard 2-wire telephone line using pulse or tone dialing methods, with
loop start only. The system shall recognize ringer frequencies from 16 to 60 Hz. No leased or dedicated
lines shall be required. Call progress detection shall ensure that the alarm dialout is not hindered by no-
answers or busy signals.

C.  Line Seizure Feature

The system automatically seizes control of the phone line to make an alarm phone call when the alarm
occurs.  All other calls, including current calls, will disconnect and all extensions will be disabled.
Extensions will remain cut off until the alarm is acknowledged.

D. Communications Interface

The system shall have a built-in 14,400 bps modem to allow remote data communication and program-
ming via computer. The system shall have a built-in RS232 serial port for the purpose of local communi-
cation and programming via computer. Both communication interfaces shall accept standard Modbus
protocol.

E. Destinations (Telephone Numbers and Email Addresses)

The system shall be capable of contacting up to 32 destinations (36 digit telephone numbers /64 character
E-mail addresses). There shall be a capability to group the destinations into multiple lists to create calling
schedules based on weekdays, weeknights and weekends. In addition, individual input alarms may be
programmed to contact specific destinations.

F. Voice Messages

The system shall have the ability to record, store and reproduce voice messages and to use those messages
to articulate the location and status of the monitored channels. In absence of user-recorded voice mes-
sages, the system shall articulate channel status using the internally resident vocabulary. All digitized
speech message data shall be stored in nonvolatile memory. Such nonvolatile memory shall be capable of
protecting speech memory for at least 10 years of complete power outage.

There shall be one recorded identification message for the system, and one recorded alarm message for
each input channel. Message length shall be 4 seconds per input and 6 seconds for system identification.

G. E-Mail Server Programming

The software shall be capable of functioning as an e-mail server for the purpose of receiving e-mail calls
via telephone and forwarding e-mail messages via the internet, from one or more units.  The host PC shall
be required to have internet access through a dialup connection or continuous service via cable modem,
DSL, T1, etc.

H. Web Status Programming

The software shall be capable of polling units via telephone or serial port to automatically retrieve the
input values and alarm status, and create a web page for each unit.  The software shall automatically
upload the web page to an internet server immediately following each poll.  The software shall allow



scheduled polling times to be programmed for each unit.  The host PC shall be required to have internet
access through a dialup connection or continuous service via cable modem, DSL, T1, etc. Storage space
on a web server that supports FTP shall also be required.

IV. Programming

A. Local Programming

The system shall have a built-in RS232 port for the purpose of locally programming all system data using
an IBM® PC or compatible with Windows® 3.1 or greater, and Sensaphone 2000 programming software
(included). All operational data, system setup and configuration data, and all information regarding the
status of monitored input channels shall be accessible. In addition, voice messages may be recorded and
reviewed using a standard touch-tone telephone.

B. Remote Programming

The system shall have a built-in 14,400 bps modem for the purpose of remotely programming and
communicating all system, configuration, and input data using an IBM® PC or compatible with modem,
Windows® 3.1 or greater, and Sensaphone 2000 programming software (included). A user-programmable
security password shall protect the system from unauthorized tampering. Voice messages may be recorded
or reviewed via a phone call using a standard touch-tone telephone.

V. System Features

A. Power

The system shall be provided with a UL/CSA listed 8VAC 1.25A power transformer that the user may
plug into a 115V AC outlet, ±10%, 60Hz. Typical power consumption shall be 10 Watts.

B. Battery Backup

The system shall have a battery compartment (batteries not included) to hold 6 “C-cell” Ni-Cad recharge-
able batteries (2.2AH recommended). The batteries shall support approximately 8-10 hours of continued
system operation in the absence of AC power. (Actual battery backup performance is dependent upon the
Amp-Hour rating, age of the batteries, ambient temperature, and the charge condition.) The unit shall
include an integrated battery charging circuit. The battery charging shall be intelligent with microproces-
sor guided precision voltage control, which will activate only when batteries are installed.

C. Local Visual Indication

Each input shall have a corresponding LED that will indicate the alarm and acknowledgment status of
each input. The system shall also have LEDs to indicate System On, Battery Condition and Phone Line
status.

D. Data Log

The system shall be capable of logging the values of all input channels, the battery voltage and the AC
power status. Items to be stored shall be selectable to maximize memory usage. Up to 32,000 total
samples can be stored in the unit’s nonvolatile memory. The time between logs shall be user-program-
mable. The system shall have the capability to send the datalog information via fax or e-mail on a time-
programmable basis. Datalog information may also be retrieved via computer and modem, by using the
polling option of the Sensaphone 2000 Windows® software.

E. Security

The system shall allow the user to program a data password to prevent unauthorized local or remote
access to programming.



VI. Remote Operation Features

A. Status Report

The system shall allow the user to call into the unit at any time using any standard telephone to obtain a
full status report of all monitored channels. The status report shall be articulated using the resident voice-
synthesized English vocabulary, in combination with digitized user-recorded voice messages.

B. Data Status Report

The system shall allow the user to call into the unit with a computer, modem and the Sensaphone 2000
software package. The system shall allow interrogation and programming access to system parameters and
status. The real time input status can also be displayed graphically. Real time status snap shots can also be
automatically transmitted to E-mail or Fax destinations on a time schedule.

C. Voice Acknowledgment

An alarm on any monitored channel may be acknowledged remotely by pressing tones on a touch-tone
telephone keypad or by calling the system back within a specified time period.

D. Data Acknowledgment

An alarm on any monitored channel may be acknowledged remotely by the user via a computer, modem
and the Sensaphone 2000 software. Alarms may be acknowledged manually by calling into the unit or
they may be acknowledged automatically using the alarm-answer mode of the Sensaphone 2000 software
package.

VII. Enclosure and Environmental

A. Enclosure

The system shall be housed in a durable aluminum enclosure with integral mounting brackets for wall or
panel mounting. The dimensions shall be 12.1"W x 7.2"H x 1.6"D. The weight shall be 3 lbs.

B. Electrical Protection

Power and telephone connections shall have internal spike and surge protection using metal oxide varis-
tors. All input channels shall have fault protected input circuits.

C. Additional Electrical Surge Protection

Additional Power and Telephone line surge protection shall be available from the manufacturer. When so
installed, the system shall be fully warranted against any damage caused by transient surges entering the
system through Power or Telephone lines.

D. Environmental

The system shall function over an operating temperature range of 32°F–122°F at up to 0–90% RH, non-
condensing. The system may be stored within the temperature range of 0°–130°F.

E. Maintenance

The system manufacturer shall have in-house service facilities and technical assistance available during
normal business hours, Monday–Friday 8AM–5PM(EST).

Specifications subject to change without notice.
© 1998 Phonetics, Inc.

Phonetics, Inc.
901 Tryens Road
Aston, PA 19014

Phone: (610)558-2700
FAX: (610)558-0222
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Val-Matic Wastewater Air/Vacuum Valve 
Drawing No. VM-302A 

 



1     BODY
2     COVER
3     BAFFLE
4     SEAT
5     FLOAT
5L   LOWER FLOAT
6     GASKET

OUTLET

 INLET

1/2" N.P.T.

1" N.P.T.

A

B

  7     COVER BOLT
  8     RETAINING SCREW
  9     GUIDE BUSHING
14     PIPE PLUG
20     GUIDE SHAFT
28     PIPE PLUG
36     PIPE PLUG

2" CLEANOUT

WASTEWATER AIR/VACUUM VALVE 3-23-00

VM-302A

2

6

4

8

3

9

7

20

TEST PRESSURE
1.5 TIMES COLD WORKING PRESSURE-C.W.P.

WORKING PRESSURE
150 P.S.I. COLD WORKING PRESSURE-C.W.P.

1

5

5L

VALVE AND MANUFACTURING CORP.

DATE

DRWG. NO.

AL ATIC®

MODEL NO.

302A 303A
A
B

INLET

OUTLET

9 1/2"

2"
2"

3"
3"

9 1/2"

SEE DRAWING NO. VM-301A-M FOR STANDARD MATERIALS OF CONSTRUCTION.
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17 7/16" 17 7/16"
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Val-Matic Wastewater Air/Vacuum Valve with Backwash Accessories 
Drawing No. VM-302ABW 

 
 



VALVE DIMENSIONS
MODEL NO.

HEIGHT
WIDTH
DEPTH

302ABW

9 1/2"

SIZE

14 "

2" CLEANOUT

BRONZE

1/2" FULL FLOW BALL VALVE

WITH QUICK DISCONNECT COUPLING

1/2" N.P.T. PIPE PLUG

OUTLET

BRONZE
1" FULL FLOW
BALL VALVE

BRONZE
2" OR 3" FULL FLOW
BALL VALVE

INLET

1/2” RUBBER HOSE WITH

QUICK DISCONNECT COUPLING

ON EACH END.

303ABW

9 1/2"

14 "
24 7/16" 29 7/16"

BWA KIT

VM-302ABW

3-24-00WASTEWATER AIR/VACUUM VALVE w/ BACKWASH ACCESSORIES

2” x 2”

VALVE AND MANUFACTURING CORP.

DATE

DRWG. NO.

AL ATIC®

FOR VALVE
DETAIL SEE
DRWG. NO.

VM-302A

3” x 3”

SPK-301ABW SPK-303ABW
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1       Scope
1.1 This specification is intended to cover the design, manufacture, and testing of 1 in. (25 mm) through 8 in. (200 mm)
Wastewater Air/Vacuum Valves suitable for pressures up to 150 psig (1000 kPa).
1.2 Wastewater Air/Vacuum valves shall be fully automatic float operated valves designed to exhaust large quantities of
air during the filling of a piping system and close upon liquid entry.  The valve shall re-open during draining or if a negative
pressure occurs.  [NOTE:  See Wastewater Air Release Valves for releasing air during system operation and Wastewater
Combination Air Valves for both air release and air/vacuum functions.]

2       Standards, Approvals and Verification
2.1    Valves shall be manufactured and tested in accordance with American Water Works Association (AWWA) Standard C512.
2.2    Manufacturer shall have a quality management system that is certified to ISO 9001:2000 by an accredited, certifying
body.

3       Connections
3.1 Valve sizes 3 in.(75 mm) and smaller shall have full size NPT inlets and outlets equal to the nominal valve size with a
2 in. (50 mm) inlet on 1 in. (25 mm) valves.  The body inlet connection shall be hexagonal for a wrench connection.  The
valve body shall have 2” NPT cleanout and 1” NPT drain connections on the side of the casting.
3.2 Valve sizes 4 in. (100 mm) and larger shall have bolted flange inlets with NPT outlets.  Flanges shall be in accordance
with ANSI B16.1 for Class 125 iron flanges.
3.3 The valve shall have three additional NPT connections for the addition of backwash accessories.

4       Design
4.1 The extended valve body shall provide a through flow area equal to the nominal valve size.  A bolted cover with alloy
screws and flat gasket shall be provided to allow for maintenance and repair.
4.2 Tandem floats shall be unconditionally guaranteed against failure including pressure surges.  The float assembly shall
have a hexagonal guide shaft supported in the body by circular bushings to prevent binding from debris.  The upper float
shall be protected against direct water impact by an internal baffle.
4.3 The resilient seat shall provide drop tight shut off to the full valve pressure rating.  The seat shall be a minimum of .5
in. (12 mm) thick on 2 in. (50 mm) and larger valves and secured in such a manner as to prevent distortion.
4.4 On valve sizes 4 in. (100 mm) and larger, the cover shall be fitted to the valve body by means of a machined register
to maintain concentricity between the top and bottom guide bushings at all times.  The tandem float shall be double guided
with a guide shaft extending through the float.  A resilient bumper shall be provided to cushion the float during sudden
opening conditions.

5       Materials
5.1 The valve body, cover, and baffle shall be constructed of ASTM A126 Class B cast iron.
5.2 The float, guide shafts, and bushings shall be constructed of Type 316 stainless steel.  Non-metallic guides and bushings
are not acceptable.  Resilient seats shall be Buna-N.

6       Options
6.1 A flanged or screwed outlet connection shall be provided when specified for vault piping.
6.2    An optional Regulated Exhaust Device shall be provided when specified to reduce pressure surges due to column
separation or rapid changes in velocity and pressure in the pipeline.
6.2.1  The Regulated Exhaust Device shall be mounted on the outlet of the Wastewater Air/Vacuum Valve, allow free
air flow in and out of the valve, close upon rapid air exhaust, and control the air exhaust rate to reduce pressure
surges.
6.2.2  The device shall have a threaded or flanged globe-style body with a center guided disc and seat assembly.  The disc
shall have threaded holes to provide adjustment of the air exhaust rate thuough the valve.  The holes shall provide for a
flow area of 5%  of the nominal valve size.
6.2.3  The material of the body shall be consistent with the Air Valve.  The seat and disc shall be ASTM A351 Grade CF8M
stainless steel.
6.3 Backwash accessories shall be furnished when specified and shall consist of an inlet shut-off valve, a blow-off valve,
a clean water inlet valve, rubber supply hose, and quick disconnect couplings.  Accessory valves shall be quarter-turn, full
ported bronze ball valves.
6.4 Optional body materials include ASTM A536 Grade 65-45-12 ductile iron, ASTM A351 Grade CF8M stainless steel,
and ASTM B584 Alloy C83600 cast bronze.

7       Manufacture
7.1 The manufacturer shall demonstrate a minimum of five (5) years experience in the manufacture of wastewater air
valves. When requested, the manufacturer shall provide test certificates, dimensional drawings, parts list drawings, and
operation and maintenance manuals.
7.2 The exterior of the valve shall be coated with a universal alkyd primer.
7.3    Wastewater Air/Vacuum Valves shall be Series 300 as manufactured by Val-Matic and Manufacturing Corporation,
Elmhurst, Il, USA or approved equal.

VM-300-S

WASTEWATER AIR/VACUUM VALVE
Val-Matic Specification

6-7-06

VALVE AND MANUFACTURING CORP.

DATE

DRWG. NO.

AL ATIC®

WASTEWATER AIR/VACUUM VALVE SPECIFICATION
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AppendixD Drawings Used to Solicit Bids for Barrier Wall 
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AppendixF Barrier Wall Specifications 

 
 

 

































AppendixG Backfill Cleaning and Measurement Data 
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AppendixI Stormwater Pollution Prevention Plan 
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